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^Igg^NSULATOB » ELECTRONIC CIRCUIT COMPONENT 

, olatP c to a laminate (a 
Th e present Invention relates t lnorganlo 
.frnrtutel comprising an i" i 
multi-layered structure) P insulating 

B aterial layer (mainly a metal ^ layer) ^ 
lay er. which laminate i ^ electronic 

insulating layer, and further ^ a ^ 

circuit component, particularly asp 
circui r etching the laminate, 

disk drive, produced by etcniny 

In recent years, rapid — - 
technology has led to rapid progress of a r 
size of semiconductor packages , th * on ^ 

fine pitch, minimization oi 
the adoption £ Tnat is , the semiconductor 

components and the n* o£ hlgh density 

J £i eld has entered the so-called age ^ M 

packaging." Regarding printed wiring ^ 
° 2 0 also led to a Chang e ^ from j single side wi^ ^ a 

side wiring and, in thiokness reduction (Iwata 

multilayer structure and a ^ 35 

and Harazono, "Denshi zairyo (El 

(10), 53 (1996)). formation of 

Pattern formation -«° dS ^ a method which 

comprises etching a metal "J"-* . insulating 

in a iaye : a " wr: : rri 2-*-, — - • 

layer - metal layer, w wir ings, then 

£ erric chloride solution, to ^ ^ 

subjecting the insulating layer, etchi or we t 

etching such as plasma etching or ^ •«* ^ ^ 

Ptchinq with hydrazine, 
etchxng such as etc* g ^ ^ iayer _ to _ 

insulating layer to form La id-Open No. 

layer continuity purposes (Japan 

164 084/1994), and connecting the conduc tive 
for example, through plating or electnca 
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paste; an, a method (Proceedings of the 7th Symposium of 

Lan institute of Electronics Packaging, issued in 

Zl" which comprises providing an insulating layer in a 

de ired form using a photosensitive polyimide (Japanese 

«„ ifift441/1992) or the like and then 
Patent Laid-Open No. 168441/iyy^) 

plating gaps to form wiring. electric products 

A tendency toward downswing of electric pr 
in recent years has led to a reduction in thickness of 

— =rs= ::rrrn:rs:.="r. 

takes place in wiring due to a difference in 

of thermal expansion between the metal layer and the 

^^n^r^ai^erties of the insulating layer 

substrate can t> TECHNICAL REPORT , 35 

equation (Miyaaki and MiKi# 

(3), 1 (1997)). 
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2H^i 2 + l^Ej 2 + E 2 2 ) 



wherein 

El: modulus of the metal, 
E2: modulus of the insulating layer, 
Aa: difference in coefficient of thermal expansion 
between the metal and the insulating layer, 
AT: temperature difference, and 
h- layer thickness 1: wiring length, 
wording to this eguation, the following two 
, methods are considered effective for reducing the 

warpaqe of wiring: 

1 a reduction in modulus of insulating layer, and 

2 a reduction in the difference in coefficient of 
thermal expansion between the insulating layer and the 



metal wiring layer. 

Regarding the wiring formation method, in 
laminate used in the method for the formation of wiring 
through etching of a metal in the laminate having layer 
construction of first metal layer - insulating layer - 
second metal layer, in order to reduce the warpage of 
the laminate, a low-expansion polyimide is used as the 
insulating layer from the viewpoint of the necessity of 
rendering the coefficient of thermal expansion of the 
metal identical to the coefficient of thermal expansion 
of the insulating layer (USP 4,543,295 and Japanese 
Patent Laid-open Nos. 18426/1980 and 25267/1977). 

Since, however, the low-expansion polyimide is not 
generally thermoplastic, the adhesion to metal layers is 
poor making it difficult to provide adhesive strength 
high enough to withstand practical use. To overcome this 
problem, a thermoplastic polyimide resin or epoxy resin 
having good adhesion to the metal layer is used as an 
adhesive insulating layer between the metal layer and 
the insulating layer (core layer, of the low-expansion 
polyimide (Japanese Patent Laid-open Bo. 58428/1995, 

Since the thermoplastic resin generally has a high 
coefficient of thermal expansion, the lamination onto a 
metal is causative of the warpage. To overcome this 
drawback the thickness of the low- expansion core 
insulating layer having a coefficient of thermal 
expansion close to that of the metal is made larger than 
the thickness of the adhesive layer to avoid the 
appearance of warpage of the whole laminate on the 
surface of the laminate. The smaller the thickness of 
the adhesive insulating layer, the better the warpage 
preventive effect. When the thickness of the adhesive 
insulating layer is excessively small, however, the 
adhesion is deteriorated. At least when the total 
thickness of the adhesive layers respectively —rlying 
and underlying the core layer is not more than the half 
of the thickness of the core layer, the warpage is less 



likely to occur. For this reason, for commercially 

. «. * a *r-i rated for electronic circuit 
available lamxnates fabrxcatea tor 

components, in many cases, the total thicknes of 
adhesive insulating iayers is not -ore than the haif of 
th. thickness of the core insulating layer The 
formation of the adhesive insulating layer ma smallest 
possible thickness, which can ensure the adhesion, is 
Regarded as ideal (Japanese Patent Lard-Open Ho. 

""T^'present time, rapid expansion of production 
of personal computers has lead to increased production 
of hard disK drives incorporated in the personal 
computers. A component, in the hard disk drrve, called 
Sponsion," which supports a head for reading 
m agnetism. is being shifted in its "^J^J^ 
one, wherein copper wiring is connected to a 
a Jel plate spring, to one called a "wireless 
^pension- comprising copper wiring which has been 
connected directly to a stainless steel plate spring, 
from the viewpoint of coping with the size ^ct.o. 

The wireless suspension is mainly prepared using a 
laminate having a layer construction of first metal 
lay er - adhesive insulating layer - core insulating 
lay er - adhesive insulating layer - second metal layer 
.n example of the laminate is such that the first metal 
iayer is formed of a copper alloy foil the -cond metal 
iayer is formed of a stainless steel fori, and the 
insulating layer is comprised of a core insulating aye 
and an adhesive insulating layer provided on both sides 
of the core insulating layer. A wireless suspension 
using the laminate is scanned on a disk being " 
a high speed and thus is a member to which fine 
vibration is applied. Therefore, the adhesive strength 
of wiring is very important. Accordingly, the wireless 
suspension using the laminate should satisfy strict 

SPeCif Harr 0 dlsk drives are devices for recording 



information thereon. Therefore, a high level of data 
read/write reliability is required. To meet this 
requirement, dust and outgas produced from the wireless 
suspension should be minimized. 

A component called the "wireless suspension" is 
produced mainly by two methods, an additive method 
wherein wiring is formed by plating, and a subtractive 
method wherein wiring is formed by etching a copper foil, 
in the case of the subtractive method, plasma etching by 
dry process is solely used for patterning of polyimide 
as the insulating layer. 

in the laminate such as the three-layer material 
used in electronic components, in general, in order to 
render the coefficient of thermal expansion of the 
conductive inorganic material layer and the coefficient 
of thermal expansion of the insulating layer identical 
to each other for preventing the warpage of the 
substrate, a low-expansion insulating layer, 
particularly a low-expansion polyimide, is in many cases 
included. in the laminate in which only a low-expansion 
polyimide is used in the insulating layer, polyimide 
films, for example, KAPTON (tradename; manufactured by 
Du Pont-Toray Co., Ltd.), Upilex (tradeneme; 
manufactured by Ube Industries, Ltd.), and APIKAL 
(tradename; manufactured by Kanegafuchi Chemical ind. 
Co., Ltd.), are used as the low-expansion polyimide. A 
metal layer (mainly copper) is formed, for example, by 
sputtering or electroless plating on the surface of the 
low-expansion polyimide film, and, thereafter, the 
thickness of the conductor layer is increased by 
electroplating (hereinafter referred to as "type-I 
laminate"). Another type of laminate is such that an 
insulator having a three-layer structure, wherein a 
layer of an adhesive (for example, an epoxy adhesive) 
other than polyimide is formed on both sides of a low- 
expansion polyimide, that is, having a layer 
construction of adhesive other than polyimide - low- 



expansion polyimide - adhesive other than polyimide, is 
provided and a conductor foil is adhered to the 
insulating layer by thermocompression bonding 
(hereinafter referred to as "type-II laminate"). A 
further type of laminate is such that an insulator 
having a three-layer structure, wherein an adhesive 
polyimide layer is formed on both sides of a low- 
expansion polyimide, that is, having a layer 
construction of adhesive polyimide - low-expansion 
polyimide - adhesive polyimide, is provided and a 
conductor foil is adhered to the insulating layer by 
thermocompression bonding (hereinafter referred to as 

"type-Ill laminate"). 

in the type-I laminate, since the insulating layer 
is formed of a polyimide having a single composition, 
the warpage is less likely to occur. Further, a thin 
metal layer can be formed. Therefore, this is 

advantageous for the formation of fine wiring. On the 
other hand, in the type-II laminate and the type-Ill 
laminate, since the conductor layer is formed by 
thermocompression bonding, the conductive layer can be 
selected from various types. For example, the 

preparation of a laminate using a rolled copper foil, a 
stainless steel foil or the like is possible. The type- 
II laminate advantageously has good adhesion. For the 
type-Ill laminate, since the adhesive layer is formed of 
highly heat-resistant polyimide, the heat resistance is 
advantageously good. Further, both the type-II and type- 
Ill laminates have an additional advantage that the 
thickness of the metal layer can be increased. 

Since spring properties are reguired of the 
wireless suspension, a stainless steel foil is in many 
cases used as the metal layer. An example of the 
laminate structure is copper foil - adhesive polyimide - 
low-expansion polyimide - adhesive polyimide - stainless 
steel. in the conventional wireless suspension, since 
the etching area of the insulating layer is large, 



rather than laser beam etching, plasma etching, which 
belongs to the same category of process, i.e., dry 
process, is mainly used for patterning of the insulating 
layer. In the plasma etching, however, the etching rate 
is low, and, thus, the time necessary for etching is 
long. Further, since sheet-by-sheet production is 
adopted, the productivity is low. Moreover, the 
apparatus for plasma etching is so expensive that the 
production cost is disadvantageously very high. 

For the above reason, patterning of the insulating 
layer by a wet process, which is high in etching rate 
and thus is high in productivity and can realize low 
apparatus cost, has been desired in the art. 

Also in electronic components, such as flexible 
printed boards or multilayer substrate, wherein a hole 
is formed by laser beams for providing continuity 
between layers in the multilayer substrate followed by 
pattern drawing in a mold into a desired form, when the 
wet etching technique is used, the step of hole 
formation and the step of pattern drawing can be 
simultaneously carried out. In addition, a fine shape, 
which cannot be formed in the mold, can be formed by wet 
etching. Therefore, patterning of the insulating layer 
by the wet process has also been desired in each field 
of electronic components. 

For the type-II laminate, the use of an epoxy 
adhesive poses a problem that the solvent resistant is 
so high that wet etching cannot be carried out at all. 

For the type-Ill laminate, due to a significant 
difference in etching properties between the adhesive 
polyimide layer and the low-expansion polyimide layer, 
the sectional form after etching is not sharp, and this 
makes it substantially defficult to prepare electronic 
components by wet etching. 

For the type-I laminate, in some cases, wet etching 
is adopted. Since, however, the conductive inorganic 
material layer is formed by sputtering or the like, a 
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metal is collided at a high speed against the surface of 
the polyimide. As a result, the metal bites into the 
surface layer, as well as into the inside of the 
polyimide layer. This somewhat denatures the polyxmxde 
in the surface layer. The adhesion between the 
insulating layer and the conductive inorganic material 
layer in the type-I laminate relies mainly upon a 
chemical bond or chemical interaction between the 
conductive inorganic material layer and the insulating 
layer. Therefore, the affinity of the conductive 
inorganic material layer for the insulating layer is 
high. This poses a problem that, when the type-I 
laminate is wet etched, the insulating layer in its 
denatured portion located at the interface of the 
conductive inorganic material layer and the insulating 
layer remains unetched, resulting in pattern detects. 

On the other hand, in the laminate prepared by 
integrating the conductive inorganic material layer with 
the insulating layer by pressing, as compared with the 
chemical bond or chemical interaction, the anchor effect 
attained by concaves and convexes on the surface of the 
conductive inorganic material layer more greatly 
contributes to the adhesive strength. Therefore, an 
unfavorable phenomenon, wherein a portion to be etched 
remains unetched, is less likely to occur. As described 
above, in the production of the laminate by pressxng, 
since the degree of freedom in the selection of the 
conductive inorganic material layer is large, products, 
which could not have been produced in the case of the 
formation of the conductive inorganic material layer by 
sputtering, can also be produced. 

Polyimides generally have poor solubility xn 
solvents. Since, however, they are decomposed by a 
hydrazine or alkali solution, various studies have 
hitherto been made on wet etching of polyimide films 
with a chemical liquid. For example, Japanese Patent 
Laid-open No. 4577/1975 discloses a production process 



of a wiring structure using hydrazine and ammonia. 
Japanese Patent Laid-Open No. 103531/1983 discloses a 
method for etching a polyimide film with an inorganxc 
basic aqueous solution. Japanese Patent Laid-open No. 
65727/1982 discloses a method for etching a polyimide 
with an aliphatic diamine. Other methods for wet etching 
a polyimide disclosed up to now are such that a chemical 
liquid prepared by mixing water or an organic polar 
solvent with hydrazine/ inorganic alkali/organxc 
alkali/aliphatic amine (diamine) /aliphatic alcohol as a 
solvent is used (for example, Japanese Patent Laid-Open 
Nos. 74041/1983, 96632/1983, 101228/1991, 190610/1993, 
202206/1993, and 157560/1995). 

Hydrazine as a component for decomposing the 
polyimide, however, is highly toxic and thus is 
unsuitable for use in production process. For tins 
reason, in proposals in recent years, in many cases, an 
etching solution comprising an inorganic basic aqueous 
solution and various additives added thereto is used. 

Conventional methods for etching a polyimide fxlm 
by wet etching to form a pattern include: a method 
wherein a metal is used in a pattern mask (Japanese 
Patent Laid-Open No. 283486/1993); a method wherein a 
solvent development-solvent separation-type negative- 
working liquid resist is used (Japanese Patent Laid-Open 
No. 301981/1993); and a method wherein a solvent 
development-solvent separation-type positive-workxng 
liquid resist is used (Japanese Patent Laid-open Nos. 
27464/1976, 49068/1978, 49068/1978, 65727/1982, and 
74041/1983). These conventional methods for wet etching 
a polyimide film to form a pattern is effective in 
shorting the time necessary for patterning of the 

insulating layer. 

The laminate using a polyimide as an insulatxng 
layer is in many cases thin and thus has low rigidity. 
Therefore, this laminate is disadvantageous ly inferior 
in handleability to conventional rigid glass epoxy 



substrates or the like. This is a serious limitati 
process design. 



P TprT.n.qimK thk tnvf.NTION 
E j r st j nvent ion 
As described above, the low-expansion insulating 
layer (core insulating layer) and the adhesive 
insulating layer used in adhesion to a metal layer in 
electronic circuit components, which should satisfy 
strict specifications, are formed of an polyimide resin 
from the viewpoint of the necessity of ensuring a high 
level of insulation reliability. In order to impart 
adhesive properties to the polyimide resin, it is common 
practice to impart thermoplasticity to the polyimide 
resin. The introduction of a flexible structure, which 
can impart thermoplasticity, into the polyimide skeleton, 
however, in many cases increases the chemical resistance 
of the polyimide. Therefore, the polyimide resin, to 
which adhesive properties have been imparted, is likely 
to be poor in suitability for etching in wet process and 
is difficult to be etched by the wet process as compared 
with the core insulating layer. For this reason, the 
insulating layers are simultaneously etched by dry 
process using plasma or laser. 

in dry process, in general, sheet-by-sheet 
treatment is carried out. Therefore, the productivity is 
poor, and the apparatus is expensive. This 
disadvantageously leads to very high production cost. On 
the other hand, in the wet process, since a continuous 
object can be continuously etched, advantageously, the 
productivity is high and the apparatus cost is low. In 
wireless suspensions, however, the core insulating layer 
can be easily etched, while the adhesive insulating 
layer is difficult to be etched. Therefore, the adhesive 
insulating layer is left in a projected form, and this 
poses problems including that a desired sharp etching 
shape cannot be provided, uneven etching occurs, and 
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dust occurs during the use of the wireless suspension. 
For this reason, in the laminate for wireless 
suspensions which should satisfy strict specifications, 
the wet process cannot be put to practical use. 

Accordingly, it is an object of the first invention 
to provide an insulator which, when the insulator exists 
as an insulating layer in a laminate having a layer 
construction of first inorganic material layer - 
insulating layer - second inorganic material layer or a 
layer construction of inorganic material layer - 
insulating layer, does not pose the above-described 
problem upon wet etching, can suppress dusting during 
the use of the laminate, and more particularly to 
provide an electronic circuit component to which the 
□ is insulator has been applied, particularly a wireless 
suspension. 

The present inventors have found that an insulator, 
which exists as an insulating layer in a laminate having 
a layer construction of first inorganic material layer - 
insulating layer - second inorganic material layer or a 
U layer construction of inorganic material layer - 

insulating layer, can suppress dusting when, after wet 
etching, the wet etched end face of the insulator is 
subjected to plasma treatment to strengthen the end face. 
25 Thus, according to the present invention, there is 

provided an insulator comprising a laminate of one or 
more insulation unit layers etchable by a wet process, 
the insulator having been subjected to plasma treatment 

after wet etching. 
30 The insulator according to the present invention 

exists mainly as an insulating layer in a laminate 
having a layer construction of first inorganic material 
layer - insulating layer - second inorganic material 
layer or a layer construction of inorganic material 
35 layer - insulating layer, and at least a part of the 
inorganic material layer has been removed to expose the 
insulating layer. 
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The insulator according to the present invention 
can be usefully applied as an insulating layer in an 
electronic circuit component, particularly in a 
suspension for a hard disk drive. 

in the present invention, the expression "insulator 
etchable by a wet process" means an insulator which can 
provide a good etching shape upon wet etching. For 
example, in an insulator which is a laminate of two or 
more insulation unit layers, the etching rate ratio 
between the layers at the time of the wet etching is in 
the range of 6 : 1 to 1 : 1, preferably in the range of 
4 : 1 to 1 : 1. The selection of the insulating unit 
layers which satisfy this etching rate ratio range 
requirement can realize a good etching shape in the 
insulating layer. Therefore, in the case of a laminate 
for a wireless suspension which should satisfy strict 
specifications, wet etching can be carried out with high 
accuracy, and wet etching, which can realize etching in 
a shorter time and can realize higher productivity as 
compared with the dry etching, can be applied. 

The mechanism, through which dusting of the 
insulator subjected to plasma treatment according to the 
present invention can be suppressed, is considered as 
follows. Wet etching of the insulating layer will be 
described by taking etching of a polyimide resin with an 
alkali solution as an example. In the wet process, an 
imide bond or other easily hydrolyzable bond (for 
example, ester bond) in the insulator is hydrolyzed by 
hydroxide ions. When the insulator is formed of a 
polyimide resin, the polyimide is hydrolyzed to reduce 
the molecular weight, or to form an amic acid to 
increase the solubility, whereby the hydrolyzation 
product is eluted into the etching liquid. 

On the other hand, there is a high possibility that, 
after patterning by the wet process, a long molecular 
chain portion, which has not been eluted into the 
etching liquid and has been partially decomposed to an 
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amic acid, or a reduced molecular weight product, which 
is not eluted into the etching liquid, is left on the 
end face of the pattern. These sites cleaved by the 
hydrolysis have low activity and are less likely to 
react with other atoms. Therefore, it is considered that, 
as compared with sites not exposed to the etching 
solution, the end face of the pattern has lower 
molecular weight and lower strength. This is considered 

causative of dusting. 

upon plasma treatment, the etched end face, which 
has been embrittled as a result of the wet etching, is 
strengthened. The reason for this is considered as 
follows. The atoms which have been cleaved by the 
hydrolysis are rendered highly active, and these atoms, 
together with neighboring atoms, form a bond to 
strengthen the etched end face. 

It is considered that, by virtue of the above 
mechanism, the insulator, which has been subjected to 
plasma treatment, according to the present invention is 
less likely to cause partial dropouts or separation and 
this offers the effect of suppressing dusting. 

in the present invention, plasma treatment 
activates the surface of the insulator in a dry state 
and thus is advantageously suitable for large scale 
treatment. In this connection, it should be noted that, 
for example, laser beam treatment, which can perform 
activation in a dry process, is mere treatment for 
points and is unsuitable for large scale treatment. 

pooopri invention 
Accordingly, it is an object of the second 
invention to provide an insulator which, when the 
insulator exists as an insulating layer in a laminate 
having a layer construction of first inorganic material 
layer - insulating layer - second inorganic material 
layer or a layer construction of inorganic material 
layer - insulating layer, does not pose the above- 
described problem upon wet etching, can suppress dusting 
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during the use of the laminate, and more particularly to 
provide an electronic circuit component to which the 
insulator has been applied, particularly a wireless 
suspension. 

The present inventors have found that an insulator, 
which exists as an insulating layer in a laminate having 
a layer construction of first inorganic material layer - 
insulating layer - second inorganic material layer or a 
layer construction of inorganic material layer - 
insulating layer, can suppress dusting when, even after 
wet etching, the wet etched end face of the insulator is 
heat treated to strengthen the end face. 

Thus, according to the present invention, there is 
provided an insulator comprising a laminate of one or 
15 more insulation unit layers etchable by a wet process, 
the insulator having been heat treated after wet etching. 

The insulator according to the present invention 
exists mainly as an insulating layer in a laminate 
*° having a layer construction of first inorganic material 

□ 2 0 layer - insulating layer - second inorganic material 
F) layer or a layer construction of inorganic material 

I layer - insulating layer, and at least a part of the 

9 inorganic material layer has been removed to expose the 

insulating layer. 
2 5 The insulator according to the present invention 

can be usefully applied as an insulating layer in an 
electronic circuit component, particularly in a 
suspension for a hard disk drive. 

in the present invention, the expression "insulator 
etchable by a wet process" means an insulator which can 
provide a good etching shape upon wet etching. For 
example, in an insulator which is a laminate of two or 
more insulation unit layers, the etching rate ratio 
between the layers at the time of the wet etching is in 
the range of 6 : 1 to 1 : 1 , preferably in the range of 
4 : 1 to 1 : 1. The selection of each of the insulation 
unit layers which satisfy this etching rate ratio range 



s 

o 

si 

5= 

rU 
ru 



30 



35 



15 



requirement can realize a good etching shape in the 
insulating layer. Therefore, in the case of a laminate 
for a wireless suspension which should satisfy strict 
specifications, wet etching can be carried out with high 
accuracy, and wet etching, which can realize etching in 
a shorter time and can realize higher productivity as 
compared with the dry etching, can be applied. 

The mechanism, through which dusting of the heat 
treated insulator according to the present invention can 
be suppressed, is considered as follows. Wet etching of 
the insulating layer will be described by taking etching 
of a polyimide resin with an alkali solution as an 
example. In the wet process, an imide bond or other 
easily hydrolyzable bond (for example, ester bond) in 
the insulator is hydrolyzed by hydroxide ions. When the 
insulator is formed of a polyimide resin, the polyimide 
is hydrolyzed to reduce the molecular weight, or to form 
an amic acid to increase the solubility, whereby the 
hydrolyzation product is eluted into the etching liquid. 

On the other hand, there is a high possibility that, 
after patterning by the wet process, a long molecular 
chain portion, which has not been eluted into the 
etching liquid and has been partially decomposed to an 
amic acid, or a reduced molecular weight product, which 
is not eluted into the etching liquid, is left on the 
end face of the pattern. These sites cleaved by the 
hydrolysis have low activity and are less likely to 
react with other atoms. Therefore, it is considered that, 
as compared with sites not exposed to the etching liquid, 
the end face of the pattern has lower molecular weight 
and lower strength. This is considered causative of 
dusting. 

Upon heat treatment, the etched end face, which has 
been embrittled as a result of the wet etching, is 
strengthened. The reason for this is considered as 
follows. Amino groups and dicarboxyl groups in molecular 
chain in the low-molecular weight compound and amic acid, 
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more insulation unit layers etchable by a wet process, 
the insulator having been treated with a dehydration 
catalyst after wet etching. 

The insulator according to the present invention 
5 exists mainly as an insulating layer in a laminate 
having a layer construction of first inorganic material 
layer - insulating layer - second inorganic material 
layer or a layer construction of inorganic material 
layer - insulating layer, and at least a part of the 
10 inorganic material layer has been removed to expose the 

insulating layer. 

The insulator according to the present invention 

can be usefully applied as an insulating layer in an 
£ electronic circuit component, particularly in a 

6 15 suspension for a hard disk drive. 

^ in the present invention, the expression "insulator 

S etchable by a wet process" means an insulator which can 

W provide a good etching shape upon wet etching. For 

* example, in the case where the insulating layer is an 

insulator which is a laminate of two or more insulation 
unit layers, the etching rate ratio between the layers 
at the time of the wet etching is in the range of 6 : 1 
to 1 : 1, preferably in the range of 4 : 1 to 1 : 1. The 
selection of each of the insulation unit layers which 
satisfy this etching rate ratio range requirement can 
realize a good etching shape in the insulating layer. 
Therefore, in the case of a laminate for a wireless 
suspension which should satisfy strict specifications, 
wet etching can be carried out with high accuracy, and 
wet etching, which can realize etching in a shorter time 
and can realize higher productivity as compared with the 
dry etching, can be applied. 

The mechanism, through which dusting of the 
insulator, which has been treated with a dehydration 
35 catalyst, according to the present invention can be 
suppressed, is considered as follows. Wet etching of the 
insulating layer will be described by taking etching of 
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a polyimide resin with an alkali solution as an example, 
in the wet process, an imide bond or other easily 
hydrolyzable bond (for example, ester bond) in the 
insulator is hydrolyzed by hydroxide ions. When the 
insulator is formed of a polyimide resin, the polyimide 
is hydrolyzed to reduce the molecular weight, or to form 
an amic acid to increase the solubility, whereby the 
hydrolyzation product is eluted into the etching liquid. 

On the other hand, there is a high possibility that, 
after patterning by the wet process, a long molecular 
chain portion, which has not been eluted into the 
etching liquid and has been partially decomposed to an 
amic acid, or a reduced molecular weight product, which 
is not eluted into the etching liquid, is left on the 
end face of the pattern. These sites cleaved by the 
hydrolysis have low activity and are less likely to 
react with other atoms. Therefore, it is considered that, 
as compared with sites not exposed to the etching liquid, 
the end face of the pattern has lower molecular weight 
and lower strength. This is considered causative of 
dusting. 

upon treatment with a dehydration catalyst, the 
etched end face, which has been embrittled as a result 
of the wet etching, is strengthened. The reason for this 
is considered as follows. Amino groups and dicarboxyl 
groups in molecular chain in the low-molecular weight 
compound and amic acid, which have been produced as a 
result of cleavage by the hydrolysis, are relatively 
easily reacted through the action of a dehydration 
catalyst, and, upon treatment with the dehydration 
catalyst, these groups are reacted to bond molecular 
chains to each other and thus to strengthen the etched 
end face. 

By virtue of the above mechanism, the insulator, 
which has been treated with a dehydration catalyst, 
according to the present invention is less likely to 
cause partial dropouts or separation and this offers the 
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effect of suppressing dusting. 

in the present invention, the treatment wrth the 
dehydration oatalyst does not reguire any specral 
apparatus. Therefore, the apparatus cost rs low and rn 
addition, the treatment with the dehydratron catalyst 
advantageously suitable for large scale treatment. 

F ^ ir tb invention 
in the above method wherein the polyimide is etched 
using the metal layer as a pattern mas,, after the metal 
la yer is etched to form a final pattern shape of the 
inflating layer followed by etching of the ^latrng 
lay er using the etched metal layer as a 
the metal layer should be further P .„•.„,, 

etching into a desired wiring shape. That rs rn thrs 
method, the metal should be etched twrce m total and 
ln addition, the etching liguid comes rnto contact wrth 
the metal at the time of etching of the polyrmrde. Thrs 
is causative of a deterioration in the metal !■*«■ 

Further, when a resist pattern is prepared urn, 
solvent development-separation-type liguid resrst, an 
organic solvent is necessary for the developing solutron 
and the separating solution. Therefore, a load on the 
and. / ia large a „d expenses for wastewater 

environment rs large, anu r .„ lvB „t 
treatment are necessary. Moreover, when th • 
development-separation-type liguid resrst rs used rt rs 
difficult to stably form a gating ha^ even thrcKness 
for the following reason. Specrtrcarry, 
production of electronic components such as =«P™s 
for hard disK drives, a liguid resrst is coated onto a 
substrate having low rigidity, and the coatrng rs drred 
in this case, it is difficult to form a coatrng havrng 
even thickness. Patterning with high accu racy rs 
reguired of electronic components such as suspenses 
for hard disk drives. In this case, when a resrst frlm 
is formed by coatrng, very close control in the step of 
coating/drying is necessary for forming a coating havrng 
even thickness with high accuracy. 
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Basically, it is confirmed that, in the case of a 

basic aqueous solution developable-basic aqueous 

T!- n Larable resist, when a polyimide etching 
solution separable ^bi&L f 

liquid containing an inorganic basic aqueous solutxon xs 
5 used, the resist is disadvantageous^ separated fro. 

laminate as a substrate by the action of an alkalx 
component in the etching liquid. For thrs reason, xt was 
thought that the reaiization of the production of 
electronic components by etching of the la.xnate was 

10 """^"techniques for wet etching of polypes which 
are currently Known in the art, a laminate 
insulating layer having one polyimide layer xs maxnly 
US ed. There are a few reports on examples of wet etchxng 
15 of a laminate of a plurality of polyimide layers 
Japanese Patent .aid-Open Ho. 164084/1994). The reason 
or this is that, since the plurality of polyxmxde 
layers put on top of each other are different from each 
other xn etching properties, a good sectional form 
20 cannot be disadvantageously provided by wet etchxng. 

in the suspension for a hard disk drxve, staxnless 
steel as the spring material is an essential element 
Therefore, the suspension is produced usxng a lamxnate 
produced by sandwiching a low-expansion polyxmxde fxlm 
2 5 ha:ing on Its both sides an adhesive resin layer between 
a conductor foil and a stainless steel foil and pressxng 
the assembly, or a laminate produced by puttxng a 
plurality of polyimide layers on top of a staxnless 
steel foil and further forming a conductor layer thereon 
by thermocompression bonding. Therefore, the productxon 
of the suspension faces the above various problems, and, 
for this reason, the preparation of a suspensxon »y 
patterning of the polyimide layer by wet etchxng could 
not have been realized. 

Accordingly, it is an object of the fourth 
invention to provide a process for producxng , an 
electronic component by wet etching of an xnsulatxn, 
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layer in a laminate of conductive inorganic material 
1 yer - insulating layer - conductive inorganic materia 
layer or a laminate of conductive inorganic material 
layer - insulating layer, which process is low in cost 

a! eliminate the need to use an organic solvent w ch 
poses a problem of waste treatment, and, at the 
time, can solve the above problems of the prior art. 

It is a subordinate object of the present invention 
to provide a production process of an electronic 
„f which can realize single etching of the 
component which can prevent a 

conductive inorganic material layer to P 
deterioration in the conductive inorganic material layer 
■ can eliminate the need to use any organic =°^< 

^es a large burden on the ^^^J^ 
i for the development and separation of the resis , 

enables the application of wet etching using a resist to 
I„ insulating layer having a single layer ~ * 

laminate structure of two or more insulation unit layers 
It is another subordinate object of the present 
.- „™ide a production process of an 
0 "nlc mpo^ that cL provide a laminate which 
provides a good sectional fo. ^ 

:::: 0 „r^T r Xn:ii to for p a ha rd ^ - 

!5 produced by said production process. 

It is still another subordinate object of the 
present invention to enable wet etching of the laminate 
in the step of treatment using a dry film resist that 
is the step of development with an aqueous solution 

30 Particularly* a basic agueous solution and separation 

with a basic aqueous solution. D , Men t 
It is a further subordinate object of the present 
invention to realize wet etching of the laminate „ the 
step of treatment using a dry film resist, that is, the 
35 teP of development with a basic agueous solution ^ and 
separation with a basic agueous solution, also in a 
sheet-by-sheet manner. 



FiftP iwpntion 
in the above method wherein the polyimide is etched 
using the metal layer as a pattern mask, after the metal 
layer is etched to form a final pattern shape of the 
insulating layer followed by etching of the insulating 
layer using the etched metal layer as a pattern mask, 
the metal layer should be further re-patterned by 
etching into a desired wiring shape. That is, in this 
method, the metal should be etched twice in total, and, 
in addition, the etching liquid comes into contact with 
the metal at the time of etching of the polyimide. This 
is causative of a deterioration in the metal layer. 

Further, when a resist pattern is prepared using a 
solvent development-separation-type liquid resist, an 
organic solvent is necessary for the developing solution 
and the separating solution. Therefore, a load on the 
environment is large, and expenses for wastewater 
treatment are necessary. Moreover, when the solvent 
development-separation-type liquid resist is used, it is 
difficult to stably form a coating having even thickness 
for the following reason. Specifically, in the 

production of electronic components such as suspensions 
for hard disk drives, a liquid resist is coated onto a 
substrate having no rigidity, and the coating is dried, 
in this case, it is difficult to form a coating having 
even thickness. Patterning with high accuracy is 
required of electronic components such as suspensions 
for hard disk drives. In this case, when a resist film 
is formed by coating, very close control in the step of 
coating/drying is necessary for forming a coating having 
even thickness with high accuracy. In particular, when 
the coating has surface irregularities, the surface of 
the resist coated film is less likely to become flat, 
making it impossible to perform patterning with high 
accuracy. 

Under these circumstances, the realization of wet 
etching of the insulating layer using a resist, which is 
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developable and separable with an aqueous alkali 
solution, has been desired for production "~ 

Basically, it is confirmed that, rn the case of . 
an alkali developable-alkali separable resist when a 
polyimide etching liquid containing an inorganic alkali 
I used, the resist is disadvantageous!,, separate from 
the laminate as a substrate by the actron of an alkalr 
component in the etching liquid. For this reason it has 
hitherto been thought that the of ^ 

production of electronic components by etchrng of 
laminate was difficult. 

wet etching of a polyimide with a basrc (alkalr) 

^ ^ru film resist is considered 
chemical solution using a dry film rear lc 

very advantageous for the productron of 
, components. up to now, however, any dry rim resist 
applicable to wet etching of the polyrmrde layer as an 
"ting layer with a basic (alkali, chemical solution 
h as not been known in the art. Further since the 
conventional laminate has a problem that a lot of time 
0 is required for wet etching or a good etchrng shape 
cannot be provided, the selection and applrcatron of a 
dry film resist capable of solving these problems are 
difficult. Further, detailed studies have hitherto not 
teen made due to the nonsense of the applicatron of the 

s drv film resist. , 

Accordingly, it is an object of the fifth rnventron 
to provide a process for producing an electron- 
component using a dry film resist which is surtable fo 
the production of an electronic component by wet etchrng 
30 of a laminate of conductive inorganic materral layer - 
insulating layer - conductive inorganic "^J^ 
or a laminate of conductive inorganic materral layer 
insulating layer and. in addition, can solve the . above 
problems of the prior art, and to provide an ^™ 
35 component per se and a suspension for a hard disk drive 
produced by said production process. 

!t is a subordinate object of the present invention 
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to provide a production process of an electronic 
to provrde P ^ reallze wet 

component using a dry fxlm resi 
etching of the laminate xn the step 
development and alkali separate, and to provx 
5 electronic component per se and a suspense for 
d isK drive produced by said production proces s 

It is another subordinate ob,ect of the present 
mention to provide a production prooes^of - 
electronic component usrng a dry fxl^ 

10 realize sxngle etchrng dete rioration in the 

ma terial layer to prevent » * t " 1 elimlnat e the 
conductive inorganic material layer, can el 
need to use any organic solvent, whrch xmposes ajarg 
Lden on the environment, as a chemica . ll,ux for- 

» development and ^^L^ - xns'ulatin, layer 

^nTa single layer structure or a laminate structure 
having a smgj-e x<iy orovide an 

of two or more insulation unit layers, and to provx 
electronic component per se and a suspensxon for a hard 

20 of .e 

p rese„t invention to provide a duct ion = 

°;r n tj «~ - etching ^ 
25 r o:r::chin: - «, * zr :: - = 

component per se and a suspensxon for a hard 
produced by said production process. 

P According to the present inventxon, the above 
problems of the prior art can be solved by a P™/~ 
^ an electronic component using a dry fxlm 

30 producxn, an elec lamina ting a dry film 

resist, comprxsxng the steps of. x _ 
onto a laminate of conductive inorganxc materxal layer 
insulating layer - conductive ^^^^l . 
or a laminate of conductive inorganxc materxal layer 

laver - and performing wet etching, wherein 

" rrsulIt^nT layer in the laminate is wet etchable , to 
form a pattern, the insulating layer has a sxngle-layer 



or a multilayer structure, the thickness o £ the dry film 
applied is not less than 1.1 trmes that of one 
conouctive inor g anic material layer in the laminate a , 
wh en the object to he etched is dipped xn ^ an etc hxn, 
liq uid Kept at 70-C. the retention time of the dry fxlm 
resist pattern is not less than one mm. 

^cording to a preferred embodiment of the present 
»v» rtrv film resist is developable with an 

:;:ir *r ^ » — - - 

aLli solution. The development with an aqueous alKalx 
solu txon and the separation with an a = ^alr 
solution are advantageous in that tne p 
r atment of the used organic solvent can he avorded. 

- — . rr 8 f^ resCs 8 - varil 
resistance of various dry film r 

, . -, a as a result, they have found that, for 
irr/ reCenWl^, separation-type dry film 

i s. when etching conditions and dry 
are optimized as follows, some materials for dry trim 
-sists're resistant to etching liquids. Further, xt 
resxsts are re ^ development -lactxc 

was found that, n^ WXDC ' , . , ^rv 

acid separation type dry film resists, whrch are dry 
film resists other than the alkali development-alKalx 
aeration-type dry film resists, are resxstant to 
etching -quids. ^ ^ ^ ^ ^ we 

resistance of the dry film to the laminate P- -ahly 

, h , is adopted wherein a dry film resist 
Lir/eo o S nto ad the laminate, with the conductive 
inorganic material layer being patterned, by a vacuu 
pr ess under reduced pressure and the I-—" of the dry 
film resist thus obtained is then wet etched. Flat 
Pressing the dry film resist against the laminate 

under reduced pressure can" solve the problem of warpage 

i after the lamination. 

In general, the warpage after the lamxnatxon of the 
dry film resist onto the laminate occurs as follows. In 
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oeneral, a laminate used in the production of 

IL* that is, a laminate of oonduotive rnorganrc 

laTrial -yer ! nsulating layer - oonduotive inorganic 

I I iai layer or a laminate of oonduotive = nr 
• i 1avP >r is prepared under reduced pressure py 

material layer, is prep our suing 

in the for- of a oontinuous produot in a roil for* hut 

^ 3 terming a pattern of the insulating layer in t h 
laminate, the lamination of a dry film - »to«» 
substrate, after the patterning of the met , 
of a roll laminator oauses the warpage 
hprauS e the laminate per se xs tnin 

- «* - : 

that the misalignment with the mask at the 
exposure to the resist is significant. 

The wet etching of the insulating layer 

^ in that the dimensional accuracy of the 

- rr*: 

is an existing dry process. Therefore, 

exactly reproduce the insulating ^JJ^Z Z 

laminate, the fo/estahlishing 

solving this problem is very imp 

the wet etching process. 

in the present invention, the problem of 

r e :e re. -ring o/the conductive inorganic material 
f in the form of concaves and convexes, and air 
Th es are disadvantageous!, included into portions 
5 b erween the edges of the concaves or convexes and the 

^ this^ase, in order to reduce the inclusion of 



air bubbles, the formation of fine concaves and convexes 
on at least one surface of the dry film resist xs 

Pre£e "h!' fine concaves and convexes can be formed by 
embossing. The formation of the air bubbles can be 
suppressed by laminating the dry film resrst havrng 
concaves and convexes on its surface in such a manner 
that the concaves and convexes face the concave/convex 
side (that is, wiring side, of the conductive inorganxc 
material layer. That is, the concaves and convexes form 
a place for escape of air bubbles to prevent the 
inclusion of air bubbles. 

Further, in order to impart the above etchrng 
resistance to the laminate, a method is 
adopted wherein, after the laminate of the dry fxlm 
resist is exposed and developed to form a pattern, 
treatment selected from ultraviolet light 
heat treatment, and a combination of ultravrolet Ixght 
irradiation with heat treatment is carried out to 
improve the resistance of the dry film Hearst to the 
etchant for the insulating layer. For products whrch are 
not required to have high alignment accuracy, lamxnatxon 
by a conventional lamination method under the 
atmospheric pressure poses no problem. 

Further, in order to impart the etchrng resrstance 
to the laminate, the thickness of the dry film resist xs 
preferably 1.1 to 5 times that of one conducive 
inorganic material layer in the laminate as the starting 
material and is preferably egual to or larger than the 
thickness of the insulating layer to be wet etched In 
this case, the thickness of the inorganic materxal layer 
is the largest thickness in the thicknesses of the 
inorganic material layer provided in the insulating 
layer at the time of etching of the insulating layer. 

Furthermore, in order to impart the etchxng 
resistance to the laminate, the temperature of the 
insulating layer at the time of wet etching xs 
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preferably not less than 10°C and not more than 120°C. 

Furthermore, in order to impart the etching 
resistance to the laminate, the P H value of the etching 
liquid used in wet etching is preferably larger than 8. 

At the present time, the dry film resist, which is 
developable and separable with an aqueous alkali 
solution, is most widely used and thus is inexpensive. 
Therefore, the number of types is large, and the range 
of selection is wide. Further, since a large number of 
apparatuses usable in the development and separation are 
also commercially available, a desired apparatus is 
easily available at a low price. in the case of an 
aqueous inorganic alkali solution, the wastewater 
treatment is easy, and, as compared with the solvent 
development-solvent separation-type liquid resist, the 
cost necessary for the whole process can be 
significantly reduced. 

The laminate, to which the dry film is applied 
according to the present invention, is good in sectional 
form after wet etching and in etching accuracy. 
Therefore, the laminate is particularly useful for a 
suspension for a hard disk drive. 

PPT K p nFfir.RTP TT nw THT?: fVRAWINGS 
Fig. 1 is a process diagram illustrating a 
production process of an electronic component by wet 
etching using, as a starting material, a laminate 
comprising an insulating layer of a polyimide, a 
conductive inorganic material layer of copper provided 
on one side of the insulating layer, and a conductive 
inorganic material layer of SUS provided on the other 
side of the insulating layer; 

Fig. 2 is an electron photomicrograph of a sample 
after the completion of etching with good results; and 

Fig. 3 is an electron photomicrograph of a sample 
wherein a copper alloy foil has been exposed and etching 
failure has occurred. 
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Firf^ i nypntiion 
The wet etchable insulator according to the first 
5 invention is a laminate of one or more insulation unxt 
layers. The end face reinforcement effect attaxned by 
La treatment of the etched end face after „et 
etching can he attained independently of whether the 
insulator has a single layer structure or xs a lamxnate 

10 having a multilayer structure. ores ent 
When the insulator according to the present 
invention is applied to electronic circuit components, 
the layer construction of the insulator rs preferably a 
Xaminate structure of adhesive insulating layer -.. - core 
insulating layer - adhesive insulating layer 
construction of the insulator accordrng to 
invention is such that two adhesive xnsulatxng layers 
are provided respectively on the top surface and the 
T IZ* surface of the laminate and a low-expansxon core 

1 2 . b insulatin, layer is interposed between the two adhesx 
P insulating layers, the thickness of the adhesxve 

S insulating layer is preferably one-fourth of the 

3 thickness of the core insulating layer from the 

viewpoint of suppressing the warpage. 

The insulation unit layer as the constxtuent unxt 
o£ the insulator according to the present inventxon xs 
generally formed of an organic material. However, at 
Hast one of the insulation unit layers constitutxng the 
insulator may contain an inorganic material Inorganxc 
30 materials include, for example, colloidal sxlxca, glass 
fiber, and other inorganic fillers. 

In the insulator according to the present xnventxon. 
from the viewpoints of excellent heat resistance and 
insulating properties, at least one of the insulatxon 
3S unit layers constituting the insulator xs formed of a 
polyxmide resin, and, more preferably. all the 
insulation unit layers constituting the xnsulator are 
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, ^^Hp resin. The material, however, is 
formed of a polyimide resin. ^ 

The insulator according to tne t> „„,-•, 
► h „„to a conductive inorganic material 
oan b e laminated onto a co ^ 

layer ( s, (mainly a meta layers 

which is surtable for an el ^ 

particularly * -f^^ of preventing the 
accordingly t rom th^ the 

warpage of the low-expansion insulator, 

insulator preferably comprises a lo e 
particularly a polyi^ide resin layer In thisj ^ 
coefficient of thermal expansion of the low P 

„,-.=ferablv substantially equal to 
insulator is P"* 6 ""* be lam inated from the 

the inorganic materral to d 

• * «f oreventing the warpage. In this case, 
viewpoint of prevent ig ma terial having a 

iow-expansion material refers J ^ 
coefficient of thermal expansion ^ of not 

F urther, the ^"^^if "the insulation unit 
expansion between at least one ^ ^ 

laye rs — "" n and th t e ne ^anic material layer is 
present invention and the ^ inorg ^ ^ 

preferably not more than 1 ppm. ^ ^ 

expansion poly^ . is thermal expansion, 

having the above „ the present invention, 

in the insulator according . laver is 

^ * s the adhesive insulating layer 
t „e resin ^ ha ving a strength of 
preferably an adhesive p y ^ g/om . The 

adhesion to an adherend ^ ^ ^ 

resi „, however ^s n t 1-^ ^ heat 
the resin has similar indep endent of whether 

or insulating properties , «* thern oplastic 
s or not an imide bond is P"^' „ insula tin, 

polyimide is mainly used in the a ^ 
layer in the insulator according 



31 



^ for the adhesive insulating 

invention. The material J°* * 

layer, however, is not q l ^ accordlng to th e 

i-h*> adhesive strength of the insuxau 

present invention sometimes varies depending upon the 
present in adhes ion to the adherend. The 

5 relationship with the adhesion d accord ing 

adhesive poiyimide should be properly selecte 
. the tvoe of the adherend or according to propert 

H of the laminate adhered to the adherend. 
regurred of th , lam materlal layers are 

Therefore, when different i 9 ^ back 

10 stacked respectively onto the top surf 

„„„ the insulating layer, it is 

surface of i dies having an identical 

necessary to "•J^™ ^ ^ adllesive Relating 
r^Tn^n^ItTL respective inorganic material 

" layeIS E ach of the insulation unit layers in the insulator 

„ the present invention may have any 
according to the P r whloh pos es no 

m olecular weight so far as a 9 maintaine d. In 

problem in practica us ^ - b^ ^ ^ 

rend 5 :::: rsir - ^ r:: e 

25 than 8000 and ^ o£ an even 

""fine is diff "ult, while, when the molecular weight 
1 not m or than S000, the film formahility is poor 
ILing it difficult to form an even adhesive c tin 

30 T his — -fj- irthe tsulaJr has 
STT^' £ r polymeric resin as a starting 
■ , „„d is not applied to an insulator produced by 
material and i not ^ pp ^ wei9nt materlal 

forming a layer usj-ny heat 

. . 0 molecular weight t»y nedu 
35 and then increasing the molecular 

treatment or the like. DreS ent invention 

The insulator according to the present 



may be formed by ^J 0 j£?lJ^t 

Alternatively, for example, a self =°" precurs0 r 

us ed. rurther. a method nay be «*^> ^ molded 

^ * derivative thereof is molded, and tne 
or a derxvatx & desired chemical 



then treated to form 
structure. ^ ^ present 



product is 
tu 

When 



When tne ^ ~- electronic circuit component, 
invention is applied to an eleCt ^ materia ls in the 

th. layer constructs of the ' ™" material 
electronic circuit component, i ^ st in ^ g ^ 

layer - insulating la V er _ insulating layer, 

layer, or inorganic material layer x on 

t hP insulator according to the present 

and the insular laminate. 

I avi<! t<; as the insulating layer in 

mainly exists th method with0 ut 

This laminate may be produced y 

pa rticular ^"^J" " sarae . examples of 

construction of the lami method) 

production methods f" 1 "* £or the insu lator is 

wherein a solution of a material * one 
»„i Hirectlv onto the inorganic material to 
, coated directly , insu latin g layer, another 

or -re stacked layer ^ ^ ^ 

inorganic material is d (£ilm me thod) 

then thermocompression bonded, ^ meth < ^ ^ 

c« adhesive insulating layei 
wherein an actnesive inorqanic 

5 previously provided core insulating ^ ^ 

. -.1 is thermocompression bonded onto tne P 
rra:: anrth bacx surface of the adhesive insulating 

™ -. a it:: tr onr: -zzz 

Plat ^ h :\rrga 1 nTc" material in the inorganic material 
lay er Tn the laminate, in which the ^ insulator accord 
to the present invention is pr .sent r f rs t 
35 variety of materials which are not orga , 

thereof include metals, metal oxides by the 

silicon, and semiconductor products produced y 
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* ^ sinqle crystalline silicon. in 
fabrication of the »^ le * nt 
particular, when the insulator accordx g 

«- -„n -is applied to a suspension for a 
.nvention - are required . Therefore, 

ria^It^oVL iLulator onto . 

metal, such as ^ ^^J— wiring is 
alloy copper foil for 

preferred according to the present invention is 

The insulator accoramg laver in a 

w • ,iv directed to a wet etched insulating layer in 
basically directea inorganic 
laminate. m this case, the type 

. a i is not particularly limited, and, 
material is not p la minated onto any 

laminate, the ^ ting is suppr essed at 

inorganic material so far as a 

«e of use of the lunate ^ ^ 

„et etoh.no of the rnsul lamlna tion 
present invention ^ ««» . or 

ont o an inor 9 anao ^ before the lanin ation. 

alte " at Ts ofThe 1 etohea insulator aecorain, to the 
3 Embodiments of tne weu 

present invention are as f ° 11 °» S " the forma tion 

,1, A n inorganrc "a""* 1 is adher ed to 

rr~ r j=: - ~ - — — 

5 film is then wet etched. subs trate of an 

t-*\ after wiring is formed on a supst-j. 
(ii) After win y film is adhered. 

in or g anie material layer, an -sulatxn, ^ 

hereafter, an inorganic "^"J" inorg anic 

th e surfaee of the insulatrna fxl-, ana th 

<° — Tun ^^rr^rrmatin, * 

35 generally carried out witn 

value of more than 7.0. ^ of a 

For example, in the case 
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, n a1 vali-amine etching liquid 
p olyxmxde, -;^;/;jr LaW -OpenHo. ,7..1/»» 
as disclosed x„ Japanese _ The 

may be mentxoned as a suxtab 

etching liquid, however xs ^ 
specifically, the etchxng Ixquxd * J , basic 

agueous alKaline solutxon and xs ^ more P ^ 9> 

chemical liquid havxng a pH value Further , the 

still more preferably no, ^"^Kali 'or an inorganic 
etching liquid may he an or n xc alKal ^ ^ ^ 

alkali or a mixture 

inorganic alkali. t that 

^pcont inventors have aimed at tne 
The present inv thic kness of the core 

~ -icirs of each of Che 

insulatxng layer an constitutinq the insulatxng 

adhesive xnsulatxng layer construc tion of first 

lay er in a laminate h ™ * ^ layer or . 

m etal layer - ^'""T^f . ins „latin, layer for 
iayer constructxon of metal layer such as a 

a nigh-precision electron- cxrcuxt c p ^ 
wlr eless -spension o the IxKe ^ ^ ^ ^ 

inventors have buxlt up ^a hyp ^ 
o£ an adhesive xnsulatxng oore 
rate is one-fourth of the etchxng rate of 
insulating layer, the time necessary for ^n, 
3 core insulating layer is the « and , thus , 

for etching of the adhesive They ' have 

. good etching shape xs ^ etcning 

substantiated this by ^™""™ nit layer ha vin, a 
rate ratio between the / layer ha ving 

0 higher etching rate and the insul ting layer is 

a lower etching rate constxt g £ ^ ^ ^ 

1 I" TTo 7 U even in the wet process, the whole 
Insulating layer is evenly etched with a good etchxng 

>5 temperature at which wet ^chin, £ carried out 

is not particularly limited so far as the 
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. . , . . the desired function. m particular, when the 

ft rt an a uLs solution, the etching temperature 

et „ ,. ,. n . c when the temperature is low, 

is preferably 0 to 110 c. when ^ ^ 

the etching rate is generally row. 

the etcning worlcin g efficiency is not good 

i temperature is high, the worK g 

due to the occurrence of boiling or the like. . Tar 
reason, more preferably, the etching temperature as xn 
f 30 to 90°C. Still more preferably, wet 
etch^" c^L. at . temperature in the range of 

"temperature Plasma is used ^ ^ 
5 treatment applied -J-J^^T * «— - 

Tela. A parallel flat »XB apparatus may be - s 

a plasma treatment apparatus usable n the P 
in/ention. The plasma treatment appara us is ^operate 
un der conditions or pressur 0 .1 t 1 gases such 

frequency power supply 40 kHz to hydroca rbon. 
25 as polyfluorocarbon, inorganic halogen y 

nobl e gas, 0„ H„ and H, may be used as pr g 

m iYi-nre of two or more. J-ne 
solely or as ->^£« ^ altbough the treatment 

^ "art depend", upon the construction of th 
irparatus, treatment area, treatment conditions and the 
like. 

nrrtmni" ^ir™"* component. „ = -m„ 
E1SS£ ^^~~^t component may be generally 

produced by the following «"»*■ coatin , 

A photosensitive resin layer is formed y 
or iamination onto the surface of a inductive inorganic 
m aterial layer, located on the side in which 



30 

like. 
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nation of a circuit is contemplated, in a <» 
lever construction of first inorganrc materxal layer 
ating layer - second inor 9 anic materia! layer or 

«f inoraanic material layer 
laver construction of morgans imane> 
, ^^ a mask with a desired pattern image 

r^rr ^rinto ^ ^ - - 

~ -jr-SST-r a XelenX'to which 

electromagnetic radiatioa 

- Ph otose„sitive rasin is se i r 

of a negative-working photosensrtrve ream 
I ed with a predetermined aeveiopin, -lution to fo™ 
. aesirea circuit image on the inorgan^ mate- 1 layer. 
Th e assembly in this stage drpped r ^ 

wh ich can dissolve a ^ metal such ^ 
chloride solution, or alternative * 

sprayed on the suhstrate. whereby the exposed meta ,s 

with the surface of the circui rned by the 

the metal, and the insulating layer is p 
wet process. Next, the patterned insulating layer 
subjected to plasma treatment. 

Electronic circuit components, to whi 

,. nn to th e present invention can be 
laminate according to tne P ^ rds SU ch as 

n include, for example, wiring boards sucn 
applied, - nclude ' semiconductor-related 
-Fi^vible printed ooaras>, 

flexible P package), and devices 

components such as CSP (cnip * v particularly 

i^o of toner jet printers, particuiarxy 
such as nozzles of toner j r 

suspensions for hard disk drives. 

rirrnnrl j nv*» n1 "- 1on 
The wet etchable insulator accoraing to the second 
' mention is a laminate of one or more insulatron un t 
layers. The end face reinforcement effect attained y 



♦ of the etched end face after wet etching 
^Y^rned JdependentXy of whether the insuXator 
Z a s^T/ayer structure or is a Xaminate h avrng * 
multilayer structure. to the present 

^-f adhesive insulating layej- 
iaminate structure of layer . when the 

insuxatin, Xayer aocording to the present 

constructs of the ^ insulating lay ers 

invention rs such that t ^ the 

are provided respectrveXy on the t * core 
b acK surface of the Xamrna and a X ^ 
insuXating Xayer rs o£ the adhesive 

insulating Xayers. the * one . lour th of the 

insulating Xayer ^ rs P ^ fron the 

thickness of the core 

viewpoint of -T*™,,, co „stituent unit 
The insuiatron unrt invention is 

o£ the insuxator according to „„, a t 

g eneraXXy forme* of ^ organ. ~ 

least one of the msuxa ..^otM »i inorganic 

„ - n on inorqanic material . ^ 

iatertaXs ^To/Lampx!, coxxoidax sXXica. gXass 

5 fiber, and other ^ ^ ^ present mention, 
In the rnsu later « „ eat res i st ance and 

from the viewpornts of exceXl ^ ^ lnsu lation 

insuxating the insulator is formed of a 

unit layers pr eferably, alX the 

„ pelyimide resrn and, ^ insulator are 

insuiatron unrt Xaye » material , however, rs 

formed of a poXy^rde resin is heat 

net particuiarXy Xrmrted so £ar merganic 
resistant or has rnsuXatrng propertre or 
35 materiax has been added to the ■ - 1 > 

o£ whether or not an ^ « present invention 
The insuXator according to the p 
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can be laminated onto a conductive inorganic material 
layer.s, (mainly a metal layers, to prepare a lamxnate 
which is suitable for an electronic circurt component, 
particularly a suspension (or a hard ^J"* 
Accordingly, from the viewpoint of preventr the 
warpage of the electronic circurt component the 
insulator preferably comprises a low-expansron -sulator 
particularly a polyimide resin layer. In thrs case the 
Coefficient of thermal expansion of the 
insulator is preferably substantially equal to that of 
the inorganic material to be laminated from the 
viewpoint of preventing the warpage. In this case the 
low-expansion material refers to a material havrng a 
coefficient of thermal expansion of not more than 30 ppm 
further, the difference in coefficient of linear thermal 
expansion between at least one of the insulatron unrt 
iayers constituting the insulator accordxng to the 
"resent invention and the inorganic material layer rs 
Preferably not more than 15 ppm. ™ "^TL re " n 
expansion polyimide is preferably used as the resrn 
having the above coefficient of linear thermal expansion 

in the insulator according to the present rnventron, 
th e resin used as the adhesive insulating layer rs 
preferably an adhesive polyimide having a strength of 
cession to an adherend of not less than 100 g/cm T e 
resin, however, is not limited to thrs only, so far as 
resin has similar adhesion and good heat resrstance 
or insulating properties, and is independent of whether 
Z not an imide bond is present. A 



Polyimide is mainly used in the adhesive insulating 
P insulator according to the present 



laver in the insulator — 
invention. The material for the adhesive insulatrn, 
llyer, however, is not limited to this only Further 
the adhesive strength of the insulator acco rdrng o th 



!5 present invention sometimes varies dependr» 9 . upon the 
relationship with the adhesion to the adherend. The 
adhesive polyimide should be properly selected according 



* , ho adherend or according to properties 
to the type of the adherend adhe rend. 

r>f the laminate adhered to tne 
requrred of the inorga nic material layers are 

necessary to use adhe-ve p y ^ 

layers. ,„„•« in the insulator 

Each of the insulation unit layers in 

to the present invention may have any 
according to the p strength , which poses no 

m olecular weight so far as a maintalned . In 

problem in P» ctlcal h " Se a ; er HI molecu iar weight is 
particular. the weight and not more 

generally preferably not * - „ „ el , ht 

than 500000 although the Pteferr ^ 

depends upon the '^ t ^^^^ not less 
m olecular weight is particularly Secular 

is" difficult, while, when ^J^J^ 
. Kan ^nno the film formaDiii^y v 
ls „ot more » " ' an even adhesive coating 

m 9 lecular weight range specifies the range of 

recurrw^t. i - c aS e 

~ .rrr noi z^z * 

m atenal, and is not P P low . molecolar „ e ight material 
forming a layer using lar weiqht by heat 

and then increasing the molecui 

) treatment or the like. „ r esent invention 

The insulator according to the present 

may be formed by applying a ^ may he 

R lternatively. for example a sel ^ ^ 

. further, a method may 
used. Fur-cnex, molded 
4--,^ thpreof is molded, ana uu<= 
5 or a denva five ««of ^ ohemical 

product xs then treated 



structure. 
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When the insulator according to the present 
When the in ronic circ uit component, 

invention is applied to an el materials in the 

the layer construction of the ^ lami c Mterial 

electronic circuit component «J ^ 

lay er - insulating la ^ r _ insulating layer, 

lay er, -/--7 a :: ^the present invention 

and the insulator according la minate. 

6X1S " "e 1 " o^ny -hod without 
This laminate may be P ^ £1m1 layer 

r^zJ^r^z- is :: - ( jt^ 

prodac tion method, -elude, Jai - rJ insuiator is 

wherein a solution oi mate rial to form one 

coa ted directly onto - T - an. = ^ 

rno-rrriaf is laminated 

th en thermocompression bonded; - < Qn , 

adhesive insulating layer 
wherein an adhesiv ting £ilm , an inorganic 

previously provided core ^ top 

m aterial is thermocompression b ° nded insul ating 

surface and the bacK surface of the q£ an 

iayer; and a method wherein after t 

adhesive insulating layer onto a f i , 

m aterial layer is formed by vapor deposition, 

, plating or the like. inorganic material 

The inorganrc materia ^ in according 
la yer in the laminate, rn which , wide , 

to the present invention - and examples 

variety of materials which are »o orga . Une 
„ thereof include metals metal oxides 8ing l y ^ 
sil icon. and semiconductor products^ ^ 
f abrication of the single y ^ ^ 

particular when the insula ^ ^ ^ ^ ^ 

invention is applied to reaulr ed. Therefore, 

, 5 drive, properties as a spring are regui ^ 
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fnil for the formation of wiring is 
alloy copper foil tor 

preferred. present invention is 

The insulator according to the pre 

. . * wet etched insulating layer in a 

basically directed to a wet et inorgan ic 
5 laminate. In this case, the type 

4. is not particularly limited, and, 

7aTin te. the insulating -ye, .ay be Xa.ina.ed onto any 
cranio serial so far as dusting is suppressed at 
the time of use of the aocordlng to the 

wet etching of the insul lamlna tion 
present invention may be ™ d laminate , or 

on to an inorganic ^ the la minatio„. 

alternatively may be cameo aocor ding to the 

Embodiments of the wet etohed insulator accordi , 

15 present invention are as £oll °" S - the fotma tion 

rt^ An inorganic material layer j- 

Ih wirina formed therein is adhered to 
of a substrate with wiring for insu iating 
both sides of an insulating film, and 

film is then wet etched. ^ , strate of a n 

Mi > A f t er wiring is formed on a substrate o 
20 ferLl layer, an insulating film is adhered, 

inorganic material layer, applied onto 

hereafter, an inorganic material ^ layer is PP 
the surface of the insulating film, and the * 

. T„rr r ~ - , 

applied onto an inorganic ^ 

when the insulator is 

j ,„ the present invention is 

wet etching according to the P 
generally carried out with an etching liquid 
30 value of more than 7.0 ^ o£ a 

F or example, in the «^ etchlng liquid 

po lyimide. -r exam - an alKali ^ 
as disclosed in Japanese P _ ^ 

may be mentioned as a sultabl 

35 etching ^-J^^ " preferably an 

rerralinHolution and is more preferably a basic 



_ ^+ no t. less than 9, 
chemical liquid naving a P H value of not ^ 
still more preferably not less than 11. c 

rr rr vr--£= — - •• 

the maxrmum ratro bet o£ eaoh of the 

insulating layer and the ^ insulat ing 

adhesive insulatrng layer con o£ £irs t 

lay er in a laminate ^ layer « . 

»etal layer - man ^ ^ „ insula ting layer for 
lay er --"^• ^ ^ component snch as a 

a high-precrsron electron , K Th e present 

„ lr eless =-P- S ;°" ° r up th ; h ^ e thesls that, in the case 
inventors have burlt up a hyp ^ 
o£ a » adhesive insulatrng Qf the c ore 

ra te is one-fourth of the etchrn, rat ^ ^ 

i ^,r^r- the time necessary j-^j- 
insulatrng layer the ^ ^ ^ necessary 

core rnsu latrn, ^« ins ulating layer, and, thus. 

£ or etchrng of the adhesr ne(J They have 

a good etchrng shape 1 the et chrng 

substantiated this ^ lit layer having a 

ra te ratio between the „ ni£ layer having 

higher etching rate and * insulting laye r is 
, a lower etching rate constrtutrng ^ ^ ^ ^ 

in the range of 6 . 1 • ^ ^ ^ whole 

tlsuUiiriaU 1; evenly etched with a good etching 

0 — T he temperature at ^ ^ Z 
is not particularly l»rted so ™ „ hen £he 

exhibit the desired functron. In P teBpera t„re 
etchant is an aqueous solutron, the etchrng p 
is preferably 0 to "O'c when the ^ ^ 

i5 the etching rate rs tloUnoy is not good 

temperature rs hrgh, the work g ^ ^ 

due to the occurrence of borlrng or 
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reason, more preferably, .he etching temperature is in 
the range of 30 to 90°C. Still more preferably, wet 
"chingt carried oat at a temperature in tbe range o 
50 to 90°C from the viewpoints of suppressing a change in 
5 composition of the etchant due to the evaporation of 
components or the liKe ana, in addition, shortens the 

""^Temperature of the heat treatment applied to 
the insulator according to the present invention « 
l0 preferably such that a conventional dehydration reaction 
10 pro eeds/ Specifically, the heat treatment "mpe™ 
F , Tn r>-rr\e>r to shorten the 

)c ^r^ferablv 100°C or above. In order to t»i 
rime' necessary for the heat treatment from the viewpoint 
„ productivity, the heat treatment temperature is more 
15 P referably ISO. or = ™. ^heat treatment 

avoi^Lomposition of.e polyimid. 
„eat treatment for a long period o time at a^ 
temperature of 300°C or above in the air 
,0 deteriorates the polyimide resulting in an increas 
20 ::il of the occurrence of particles. The heat ^ tree men 
time may be properly regulated in the 

to 30 min depending upon the treatment ^ 
the heat treatment time is less than 0.01 sec, no ^ effect 
25 can be developed by the heat treatment. On the other 
hind, when the heat treatment time is more than 30 mm, 
the productivity is significantly lowered. 

Heat treatment methods include, but are not limited 
to, a method wherein the assembly is placed in an oven 
3„ a method wherein the assembly is passed below a nozzle 
through which hot air is blown, a method wherein the 
assemoly is placed on a hot plate, and a method wherein 
the assembly is moved on a hot plate. DreS ent 
When the insulator according to the Present 
35 invention is applied to electronic members, the heat 
treatment is preferably carried out in an inert 
atmosphere from the viewpoint of preventing the 
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• • „ or the substrate. Further, heat 

corrosion of wxrxng ~ ^ of not more than 10- 

treatment under a reduced P ressure attained 

Torr is also preferred because the can be 
by the heat treatment xn an xnert 
attained. 

K,-^-^^^ comp one„t may be generally 

produced by the following method 

A photosensitive re » layer ^ inorganio 

or lamination onto the surface of ^ ^.^ ^ 

m aterial -ye- located °» ^ ^ . laminate ,. 

formation of a circuit i Baterial layer - 

layer construction of first in g .„ lal layer or a 

, -•„,, laver - second inorganic material laye 
insulating layer inot ganic material layer - 

lay er construction of 9 ^ ^ 

insulating layer). A mask wi with the 

arawn thereon is brought into intimate ^ _ 

sorface of the . ^elength. to which 

electromagnetic radi on wi h^_ ^ ^ 

1 the photosensitive resin ^ _^ pos itive-worlcing 

exposed portion in the case ^ ^ ^ 

photosensitive resin or the P resin ls 

Lse of a negative-working J^^^ to form 

eluted with a ^""TJTJZ^ ™^ 
5 a desired circuit image on the soluti on, 
The assembly in this stage is dipped in ^ 
vhlch can dissolve a .j^ ^ soWion is 
ohloride solution, or ^ ^ „ 

.prayed on the sub ^'^J^ rcsin is separated 
,0 eluted. Therefore, the ph solution to form a 

with . Pr-eterm^d se^ra icn^ ^ ^ ^ 

circuit. Next, lxkewxse, inti mate contact 

^ge drawn ^^^ZT^ on the surface of 
with the surface of the c " cul patterned by the 

th e metal, and the plating layer is 

wet process. Next, ^ne y 



35 

heat treated. 
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to which the 



• circuit components, to whxch 
Electrons ™* t inventio n can be 

laminate according to t F such as 

. applied, include, for example, ^ conductor „ related 
flexib le Prin-d ^ )# and devi 

5 components such as CSP (cn P 8# particularly 

such as nozzles of toner jet P 
suspensions for hard disR drives 

th e treatment with a ind ependently 
end face after wet etching can ^™ structure or 
S o* whether the insulator has a single W 



of whether tne structure, 
is a laminate havxng a multuayer ^ ^ ^ 



- 15 in ; ulator acco rding 
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When the insulator „ lrcu it components, 

t-o electronic circuxx. ^ v 
invention is applied t ator ls preferably a 

* construction of the i ^ ^ _ ^ 

isminate structure insulati „g layer, when the 

insulate layer ^ ^ acoording to rue present 
constructxon of the xn ^ insula ting layers 

invention rs «*J£* on the top surface and the 
are provided «^^ nate and . 10 „-expansion core 
back surface of the lamxn ^ ^ adhesive 

25 insulating layer rs ^ ^ adhes ive 

insulating layers, the one-fourth of the 

insulating layer -J^. 3 ^ lay er fro, the 
thickness of tne 

viewpoint of suppressing the werpag e. ^ 
Tne insulation unit inventlo „ is 

of the insulator accordxng to * However, at 

oenerally formed of an organic materi ^ 
le ast one of - insul-o ^material. Inorganic 

insulator may contaxn an g ^ glas s 

35 materials include, for examp .e collox 

fiber, and other inorganic M • invention, 
m the insulator according to the p 
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• <• of excellent heat resistance and 
from the viewpoi nt of exce ^ ^ 

insulating properties, at le d ol a 

uni t layers constituting - -^hly. all the 
-- and, co ;; t r itu J ng the insulator ate 
insulation unit laye mat erial, however, is 

formed of a polyunrde resin. ^ ^ 

not particularly limited so inorganic 
resistant or has insulatrng P~e*" ieS independent 
serial has been added to the ^ res in and is P 
of whether or not an imide bond is MLon 

Ihe o - c °; d :: d ;; tl :: .u-^ 

can be laminated out a oo a . laB inate 

lay er ( s, (mainly a metal ^~°> olrcuit compo „ent, 

which is suitable for an ^ drive _ 

particularly . ' •»^ 1 ^ olBt of preventing the 
-cordingly, ^ circuit component, the 

warpage of tne low . eX pansion insulator, 

insulator preferably comprises ^ a low exp ^ ^ 

particularly a polyimide resrn layer. xpans ion 

coefficient of thermal °* tJual to that of 

v^forablv substantially equai 
insulator rs P"*"*« „ e lami „ at ed from the 

t „e ^\ be warp age. In this case the 

viewpoint of preventing ma terial havrng a 

low-expansion material « fers than 30 pp m. 

, coefficient of thermal "V™™ *^ of linear th ermal 
F nrther, the ^^J^Z ^ insulation unit 
expansion between at £ rt according to the 

laY ers ~»-*^«»» ^ganic material layer is 

present invention and the J. J a lw _ 

0 preferably not more than 15 PP- ^ ^ resi „ 

expansion polyimide r^ , pre f. J expa „sion. 
ha ving the above coefficient of ll invention. 
In the insulator according to the , p 

as the adhesive insulating i J 
t „e resin «- " * lde hav in, a strength of 

preferably an adhesive p y ^ ^ ^ ^ The 

adhesion to an adheren ^ fM as 

resin, however, rs not lrmiteo 
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or insulating properties . and i s in thermoplastlc 
or „ot an imide ^ * «ent . ^ 
polyimide is main* rnjn^ ^ ^ 

layer in the insula adhe sive insulating 

mention. t this only. Further, 

layer, however, is not ^ ^ to the 

the adhesive strength of the in lng upon the 

pr esent invention somet-e - q J 

relationship with the nrot)erly selected according 

adhesive polyimide should be properties 
to the type or the adherend o^-rdin, ^ 

j ^ the lamxnate aanereu 
required of the ino rganic material layers are 

Tberefore, when 9 sur£ace and the back 

stacked respectively onto P always 

„<° the insulating layer, ic 
surface of the in ies having an identical 

necessary to use adhesive p y ^ insu iating 

^rao-^T^ - respective inorganic ferial 

layers. lavers j. n the insulator 

„ v, «f the insulation unit layers 

Kacn of the in ^ have any 

according to the P s « engt h, which poses no 

m olecular weight so far ma intained. In 

problem in P« c "°^ ht USe a ; er :, a : mole cular weight is 
, particular, the weight aver , ^ ^ ^ 

generally preferably ^"J^ ^ weight 

than 500000 although the prefer ^ 

aepends ^ * "t^STU^ -* >~ 
molecular weight is p ^ ^ molecular 

0 than 8000 and not ^ mo r e than o£ ^ ^ 

w eight is : not le« t ^ ^ ueight 

coating is difficul , £or mability is poor 

iB „ot more than ^0 , the ^ _ 

making it difficult sp ecifies the range of 

, 5 This molecular ^ ^ e ^. the insulator has 
molecular weight, in the starting 
b een constituted by a polymeric resin 
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+ ™iied to an insulator produced by 

iTreasin/ «- — ^ * ^ 
" eat, "; h n I ^or— g to * resent — ; 

nay be by ^r.-—^ 1 :: :; 

Alternatively, for example, a self * on precurso r 

c^H Further, a method may be used wherein a pre 
used. Furcnei, molded 

. • thpreof is molded, ana i-"<= 
or a a desired chemlcal 

) product xs then treated 

structure. . preS ent 

When the insulator according to tne P 

When x.n electronic circuit component, 

invention is applied t0 ^ materials in the 

the layer construction of the _ lam material 

s electronic circuit component is first in g mJ ,_ rial 
5 electron seC ond inorganlG material 

laver - insulating layer ^.„„ 1a „ pr 

x y „i -la^er- - insulating layer, 

and th e -- la a t ; r th a e C 7 n r s d ula 9 ting lay er in the laminate, 
mainly exrsts as the method „ itho ut 

!0 This laminate may be produced y liyer 
particular limitation so far as ^ ^ 

construction of the lamrnate rs the same 

include: a method (casx. / 

rirrso^ oH 1 material * 
— ^ rerHsthrruirriyer, another 

zzzr:^ „ i r:r r r ^ 

th en thermocompressxon bonded, a met < ^ ^ 

wherein an adhesive rnsulatrng layer r „ 

previously provided core insulatrn, frl m, an mora 

^rial is thermocompression bonded onto the P 
„,aterral rs ^ insulating 

plating or the like. ino rganic material 

The inorganic material in the in g 
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Xayer in the laminate, in which the insulator according 
to the present invention is present, refers to a 
variety of materials which are not organic, and examples 
reof include metals, metal oxides, single crystalline 
silicon, and semiconductor products produced j y the 
fabrication of the single crystalline 
particular, when the insulator according to the present 
invention is applied to a suspension for a 
drive, properties as a spring are remixed 
the lamination of the insulator onto a highly elastic 
.natal, such as stainless steel, and a copper fori or an 
alloy copper foil for the formatron of wrrrng 

""'"^'insulator according to the present invention is 
basically directed to a wet etched insulating layer ma 
TZJ. m this case, the type of the inorganic 

serial is not J^^U^ onto any 

laminate, the insulating layer may o „„„„ ssed at 

inorganic material so far as dusting is suppressed 
the time of use of the laminate. _ 

Mat etching of the insulator according to the 
present invention may be carried out after lamination 
P . laver to form a laminate, or 

onto an inorganic material layer to , 

alternatively may be carried out before the 1-^ion 
Embodiments of the wet etched insulator according to 
present invention are as follows . 

<i, An inorganic material layer for the formation 
of a substrate with wiring formed therein is adhered to 
both sides of an insulating film, and the insulating 

film is then wet etched. 

,ii) After wiring is formed on a substrate of an 
inorganic material layer, an insulating film is adhered 
Thereafter, an inorganic material layer is applied onto 
the surface of the insulating film, and the inorganic 
material layer and the insulating film are wet etched. 

( iii) A previously wet etched insulating film is 
applied onto an inorganic material layer. 
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When the insulator is formed of a polyimide, the 
„et etching according to the present " 
generally carried out with an etching Ixquxd at P H 

value of more than 7.0. 

-in thP case of wet etching ot a 
For example, m tne cabe ^ 

polyimide, for example, an alkali-amine etching , Ixquxd 

as disclosed in Japanese Patent Laid-open No »"81/1M8 

m ay be mentioned as a suitable etching Ixquxd. The 

etching liquid, however, is not limited to . only 

specifically, the etching liquid rs preferably an 

aqueous alkaline solution and is more preferably a ba S rc 

chemical liquid having a pH value of not less . than 9 

still more preferably not less than 11. Further, the 

etching liquid may be an organic alKali or an inorganxc 

alkali or a mixture of an organic alkalx wrth an 

inorganic alkali. + + 

The present inventors have aimed at the fact that 
the maximum ratio between the thickness of the core 
insulating layer and the thickness of each of the 
adhesive insulating layer constituting the — 
layer in a laminate having a layer constructs of fxrst 
metal layer - insulating layer - second metal layer o, a 
la yer construction of metal layer - insulatrng layer for 
a high-precision electronic circuit component such as a 
wireless suspension or the like is 4 = 1. The present 
inventors have built up a hypothesis that, xn the case 
ot an adhesive insulating layer, of which the etchxn, 
rate is one-fourth of the etching rate of the core 
insulating layer, the time necessary for «f*»*J*£~ 
core insulating layer is the same as the txme 
for etching of the adhesive insulating layer, and, thus, 
a 9 ood etching shape is obtained. They have 

substantiated this by experimentation. When the etchxng 
rate ratio between the insulation unit layer havxng a 
, nigher etching rate and the insulation unit layer havxng 
a lower etchxng rate constituting the xnsultxng layer xs 
in the range of 6 = 1 to 1 = 1, preferably in the range 



of 4 = 1 to 1 . 1. even in the wet process, the whole 
insulating layer is evenly etched with a good etchrng 

ShaP %he temperature at which wet etching is carried out 
iB „ot particularly limited so far as the etchant can 
Libit the desired function. In P^^-J*^ 
etchant is an aqueous solution, the etchrng temperature 
is preferably 0 to 110'C. when the temperature rs low, 
the' etching rate is generally low. Further when the 
temperature is high, the worKing *«™~ £ ^ 
dU e to the occurrence of boiling or the Irke. For thrs 
reason, more preferably, the etching temperature rs rn 
the range of 30 to 90-C. Still more ^^'^ 
etching is carried out at a temperature rn the range of 
50 to 90°C from the viewpoints of suppressing a change rn 
imposition of the etchant due to the evaporation of 
components or the like and, in addition, shortenrng the 
etching^time.^^ ^ ^ oatalyst applled 

to the insulator according to the present invention 
refers to post treatment after wet etchrng of the 
insulator or the laminate of the insulator and the 
norganic material layer, wherein the insulator or the 
laminate is dipped in a treatment Irgurd o !j> 
dehydration catalyst, or alternately the treatment 
liquid of a dehydration catalyst rs eprayed on the 
insulator or the laminate, thereby permrttrng the 
treatment liguid to be brought into contact wrth a 
specific site of the insulator or the lamrnate to be 
spe . ™t.act mav be carried out by 

treated. In this case, the contact may 

any method without particular Irmrtatron The 
temperature of the treatment liguid is not P«— £ 
limited so far as a condensation reactron satisfactorily 
proceeds and no problem occurs from the practical 
viewpoint. However, the temperature of the treatment 
liguid is preferably 0 to 100°C, more preferably 10 to 
Jc from the viewpoint of working efficiency. «hen the 
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treatment time is less than 0.01 sec, the treatment 
effect is unsatisfactory, while when the treatment time 
is not less than 30 min, the productivity xs 
disadvantageous ly lowered. 

The dehydration catalyst used in the present 
invention refers to a reagent which acts to accelerate a 
condensation reaction of an amino group with a carboxyl 
group or a condensation reaction of amide group wxth a 
carboxyl group. Specific examples thereof include, but 
are not limited to: acid anhydride compounds such as 
acetic anhydride and tetraf luoroacetic anhydrxde; 
carbodiimide compounds such as dicyclohexylcarbodiimxde; 
carbodiimide resins; organic compounds such as DBN (1,5- 
diazabicyclo I 4.3.0]non-5-ene); and inorganic materxal 
such as concentrated sulfuric acid, phosphoryl chlorxde, 
and phosphorus trichloride. Acid anhydride compounds and 
carbodiimide compounds are preferred from the viewpoints 
of cost and handleability . Among them, acetic anhydrxde 
is most widely used and thus is preferred. 

in the treatment with a dehydration catalyst, a 
compound, which acts to further promote the reaction, 
such as a tertiary amine or pyridine, may be added. 
Specific examples of tertiary amines include, but are 
not limited to, triethylamine . 

The dehydration catalyst as such may be used as the 
treatment liquid. Alternatively, the dehydratxon 

catalyst may be diluted with other solvent so far as the 
dehydration action is satisfactorily provided. Specxfxc 
examples of solvents usable for the dilution include, 
but are not limited to: ketone solvents such as acetone 
or methyl ethyl ketone; aromatic hydrocarbons such as 
toluene; hydrocarbons such as hexane and cyclohexane; 
ethers such as diethyl ether; and esters such as ethyl 
acetate. 

B i^mni r circui t component 

An electronic circuit component may be generally 

produced by the following method. 
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A photosensitive resin layer is formed by coatxng 
or lamination onto the surface of a conductive inorganxc 
material layer, located on the side in which the 
formation of a circuit is contemplated, in a laminate (a 
layer construction of first inorganic material layer - 
insulating layer - second inorganic material layer or a 
layer construction of inorganic material layer - 
insulating layer). A mask with a desired pattern i.age 
drawn thereon is brought into intimate contact with the 
surface of the photosensitive resin layer, and a 
electromagnetic radiation with a wavelength, to whxch 
the photosensitive resin is sensitive, is applied. The 
exposed portion in the case of a posxtxve-workxng 
photosensitive resin or the unexposed portion xn the 
case of a negative-working photosensitive resxn xs 
eluted with a predetermined developing solution to form 
a desired circuit image on the inorganic material layer. 
The assembly in this stage is dipped in a solutxon, 
which can dissolve a metal, such as an aqueous ferrxc 
chloride solution, or alternatively the solution xs 
sprayed on the substrate, whereby the exposed metal xs 
eluted. Therefore, the photosensitive resin is separated 
with a predetermined separation solution to form a 
circuit. Next, likewise, a mask with a desired pattern 
image drawn thereon is brought into intimate contact 
with the surface of the circuit formed on the surface of 
the metal, and the insulating layer is patterned by the 
wet process. Next, the patterned insulating layer xs 
treated with a dehydration catalyst. 

Electronic circuit components, to whxch the 
laminate according to the present invention can be 
applied, include, for example, wiring boards such as 
flexible printed boards, semiconductor-related 
components such as CSP (chip scale package), and devices 
such as nozzles of toner jet printers, particularly 
suspensions for hard disk drives. 
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specific preferred embodiments of the production 
process of an electronic component according to the 
fourth invention will be described with reference to a 
process diagram, though the present invention rs not 
limited to these preferred embodiments. Frg. 1 rs a 
process diagram illustrating a production process of an 
electronic component by wet etching, wherein a lamrnate 
comprised of an insulating layer 1 of a polyrmrde a 
conductive inorganic material layer 3 of copper provided 
on one side of the insulating layer 1, and a conductrve 
inorganic material layer 2 of SOS provided on the other 
side of the insulating layer 1 is used as a startrng 

material. . . 

Fig 1 (a) shows the layer construction of the 

laminate 'as the starting material. A dry film resist 4 
is laminated by roll pressing or flat pressing onto each 
of the conductive inorganic material layers 2, 3 located 
respectively on the top surface and the back surface of 
the laminate to prepare a laminate having a lamrnate 
structure shown in Fig. 1 (b). A mask for brrngmg the 
conductive inorganic material layers 2, 3 to a desrred 
pattern is put on the laminate, and the assembly xs then 
exposed. Seat, development with an agueous «a,CO, 
solution is carried out to form a resist pattern shown 
in Fig 1 <c). The conductive inorganic material layers 
2 3 are then etched with an aqueous Feci, solution to 
form an etching pattern of the conductive inorganrc 
material layers 2, 3 according to the resist pattern 
shown in Fig. 1 (d). The resist is then drssolved rn and 
separated by an agueous HaOH solution or an agueous KOH 
soLtion to form an etching pattern of the 
inorganic material layers 2, 3 shown in Fig. 1 (e). Next, 
a dry film resist 5 is laminated by roll pressrng or 
flat pressing onto the conductive inorganic material 
layers 2, 3 located on the top surface and the back 
surface of the laminate shown in Fig. (e) to prepare a 



laminate having a laminate structure shown in Fig. 1 <*>• 
A mask for bringing the insulating layer 1 to a desired 
pattern is put on the laminate, and the assembly is then 
exposed and is developed with an agueous M a,CO, solution 
to form a resist pattern shown in Fig. 1 (g). »ext the 
insulating layer 1 is etched with an aqueous basic 
solution to form an etching pattern of the insulating 
layer according to the resist pattern shown in Fig. 1 
,„>. Next, the resist is dissolved in and separated by 
an agueous NaOH solution or an agueous KOH solution to 
an electronic component according to the present 
invention with an etching pattern has been formed as 

shown in Fig. 1 (i)- 

Next, each constituent feature of the present 

invention will be described. 

Lamj nate , 

The laminate used in the present invention has a 
layer construction of conductive inorganic material 
layer - insulating layer - conductive inorganic material 
layer or a layer construction of insulating layer - 
conductive inorganic material layer. Here the conductive 
inorganic material layer used refers to a conductive 
material layer which is not organic Examples of 
conductive inorganic material layers include a pure 
metal layer of copper, iron or the like, an ^fl-« 
such as stainless steel, a material layer formed by 
treating the surface of the metal layer, a single 
crystal silicon layer, an inorganic semiconductor layer, 
and an metal oxide layer. When a conductive inorganic 
material layer is provided on both sides of the 
insulating layer, the conductive inorganic material 
layers may be the same or different. In particular in 
the case of electronic components, copper, copper alloy, 
iron, nickel, stainless steel and the like are suitable. 
The conductive inorganic material layer preferably has a 
thickness in the range of 0.1 m» to 1 mm. In P*"^ 1 "' 
when the conductive inorganic material layer is formed 



o£ a -Ul, the of this is more 

rmoe of 0.1 into 200 wm. 

preferably in the range 01 c produced by the 

,«,.„ the electronic component produced , 
When the ele nic comp onent according 

production process of an eiectro > ^ ^ ^ ^ 

to the present » so £ar as one 

drive, there xs no P«"^ layers ln the 

o£ the conductrve xnorganxc m painless 

la minate as the forties retired 

steel, rrom the ««£^Jf JJJv, however, SOS 
in the suspension or ls sus 304 which has 
304 is preferred. More preferr 

b een tension anneale* at a tempo rature £ 30^ ^ 
The thickness of the staini foT . ahlv 15 to 30 ^m. 

in the range of 10 to „ u.. r galley foil 
F or example, a copp ^ ^ 

having a thxcKness of 3 to 2 » layer in the 

other conductx e ^^,1. *» copper alloy foil 
laminate as the starting combl nation with a 

ls an alloy foil formed of copper ^ ^ 

dissimilar element such J"^"^ q£ not le3S than 
or beryllium and has a coppw 

80% * . • i— steel foil and copper alloy foil 

These stainless steel i ted from 

may be chemically or -chan^a^ surf ce t, reate^ 

the viewpoint of improvrng the ^ ^ be forned 

The insulating layer in T,n« 

o£ any material without particular Umitatron so far« 

the material has insulating resis tanoe 

.iewpomts °< f ^zr:z:zx z~ one ^ 

, ln the form of a thru fxlm ^ ^ 

of a polyimide resxn xs prop y ^ ^ 

, . . i ave >r The insulating layer 

insulating layer. a , urality of insulation unit 

form of a laminate or a y 

conductive 

for- imoroving the adhesion to tne 
layers, for improvi g ^ adhes;Lve 

5 inorganic material layer. the 

insulating layer may be -eluded In this ^ & 

layers constituting the insulating layer 



other or one another in composition, or alternately a 
plurality of layers having an identical composition may 
l e used - example of the ahove construction is a 

* = „<„i ess steel - adhesive polyimide A - 
laminate of stainless steel r . 
low-expansion polyimide - adhesive polyimide . , - copper 
In this case, since the conductive inorgani 

a lavers as adherends are different from each other, one 
of which is formed of stainless steel and the other i 
formed of copper, layers .adhesive polyimides 
constituting the insulating layer, which are different 
from each other in composition, are used for good 

5 adhesion to the respective adherends. 

Further, from the viewpoint of P^« ntl 9 
warpage of the suhstrate at least o o-he^layers 
constituting the insulting layer has therma l 
thermal expansion (a coefficient of linear therm 

M expansion, which is '^^^^^' W JU 
conductive inorganic material layer (see P 
Ilia-open Ho. 157286/1985). The acceptable range of the 
•in coefficient of thermal expansion xs ± ia 
""her, since the conductive inorganic material 
ppm . *" rthe *' coefficient of thermal expansion of not 

25 :::: ra t"n i l »~ - an — ^ 

a coefficient of thermal expansion of not more than 30 
7 more preferred. when more fully preventing the 
warpage " desired, the total thicxness of the layers 
30 hlX * coefficient of ^ 

than 30 ppm in the insulating layer is P" £ *™^ 
le ss than the half of the total thicxness of all 
layers constituting the insulating layer. 

When the insulating layer in the laminate has a 
35 multilayer structure of a plurality of polyimide layers 
r 1 etching Properties of the polype lay ers^are 
important. When the insulating layer 
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according to the present invention constituted by two or 
m ore insulation unit layers, the ratio of the etchxng 
rate of the insulation unit layer having a hxgher 
etching rate to the etching rate of the insulation unxt 
layer having a lower etching rate at the time of the wet 
etching is preferably in the range of 6 : 1 to 1 .1. 
more preferably in the range of 4 : 1 to 1 : 1. When 
the insulation unit layers falling within this etchxng 
rate ratio are selected, a good etching shape can be 
realized in the insulating layer. In this case, even xn 
the laminate for a wireless suspension which is requxred 
to satisfy strict specifications, wet etching can be 
carried out with high accuracy, and, as compared wxth 
dry etching, etching can be carried out in a shorter 
time with better productivity. 

The total thickness of the layers constituting the 
insulating layer is preferably in the range of 3 to 500 
m . Further, from the viewpoints of productivity and 
resistance of the dry film resist to the etchxng Ixguxd 
the wet etching time is preferably 10 sec to 30 min. Wet 
etching within 15 min is further preferred. On the other 
hand, a wet etching time of more than 30 min leads to 
lowered productivity. When the etching rate under wet 
etching conditions is large and the insulating layer can 
be etched by no less than 500 m in 30 min a thickness 
of the layers constituting the insulating layer of 500 
^ may be adopted. On the other hand, when the etchxng 
rate is small and etching of the thickness 500 ^ cannot 
be realized in 30 min, the acceptable upper Ixmxt of the 
thickness of the insulating layer is such that the 
insulating layer can be etched in 30 min. More 
specifically, for example, when the etching rate of the 
insulating layer is 20 um/min, the acceptable upper 
limit of the thickness of the insulating layer xs 600 m . 
When the etching rate of the insulating layer xs 
Mm/min, the acceptable upper limit of the thickness of 
the insulating layer is 60 Mm. 
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in the wet etching of the insulating layer, for 
example, in the case of etching of a polyimide as the 
insulating layer with a basic aqueous solution, an xmxde 
bond is reacted with hydroxide ions in the solutxon to 
cause ring opening and consequently to give polyamxc 
acid. Even in this state, the solubility in the basic 
aqueous solution is higher than that of the polyimide in 
the basic aqueous solution. Further, the amide group in 
the amic acid is hyrolyzed by hydroxide ions to lower 
the molecular weight of the polymer, and this improves 
the solubility. When an easily hydrolyzable group is 
contained in the molecular chain, this site is sometimes 
hydrolyzed. In general, in the case of insulating layers 
having an identical structure produced under the same 
production conditions, the rate is approximately 
proportional to the number of times of collision of 
hydroxide ions against imide bond in the polyimide, and 
this thermodynamically exponentially increases wxth 
increasing the temperature. 

According to this mechanism, in the case of a 
linear polymer, when the molecular weight is in a 
practically usable range, it is considered that the 
etching rate is not significantly influenced by the 
molecular weight. In fact, the above hypothesis xs 
supported by data obtained by experiments conducted by 

-the present inventors. 

in the laminate as the starting material used in 
the present invention, the adhesive insulating layer 
constituting the insulating layer is mainly formed of a 
polyimide or a resin similar to the polyimide. However, 
the resin is not particularly limited to this only, and 
any resin may be used so far as the resin is heat 
resistant or has insulating properties (the resin usable 
herein is independent of whether or not imide bond is 
present). The adhesive polyimide in the present 
invention refers to a polyimide, which has an adhesxve 
strength to an adherend of not less than 100 g/cm xn a 
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90-degree peel test, and a thermoplastic polyimide is 
mainly used. However, the adhesive polyimide is not 
particularly limited to this only. 

The laminate as the starting material used in the 
present invention may be produced by any method without 
particular limitation so far as the final layer 
construction of the laminate is the same, and the 
production method may be properly selected according to 
properties required of the contemplated product. 
Examples of production methods include: a method (cast 
method) wherein a solution of a material for the 
insulating layer is coated directly onto the conducive 
inorganic material layer to form one or more stacked 
layers as the insulating layer, another conductive 
inorganic material layer is laminated, and the assembly 
is then thermocompression bonded; a method (film method) 
wherein an adhesive insulating layer is formed on a 
previously provided core film as the insulating layer, a 
conductive inorganic material layer is laminated and 
thermocompression bonded onto the top surface and the 
back surface of the adhesive insulating layer; and a 
method wherein, after the formation of an adhesive 
insulating layer onto an insulation film, an conductive 
inorganic material layer is formed by vapor deposition, 
sputtering, plating or the like. 

in the contemplated electronic component, when a 
conductive inorganic material layer, which cannot be 
formed by plating, such as a rolled copper foil or 
stainless steel is indispensable, the use of a laminate 
produced by a method, wherein conductive inorganic 
material layers are formed by thermocompression bonding, 
is preferred. When the conductive inorganic material 
layer should be very finely patterned in a wiring width 
of not more than 1 pa, the use of a laminate, in which a 
conductive inorganic material layer is thinly formed by 
sputtering or plating, is preferred. 

The thickness of the whole laminate including the 



conductive inorganic material layers may vary depending 
upon contemplated applications. Preferably, however, the 
thickness of the whole laminate including the conductive 
inorganic material layers is in the range of 5 to 2000 
urn. m particular, when all the conductive inorganic 
material layers in the laminate are formed of a metal, 
the thickness of the whole laminate including the 
conductive inorganic material layers is preferably in 
the range of 5 to 1000 m , particularly preferably m 
the range of 5 to 500 \m. 
nr-y filT n resist 

A material, which undergoes a change in solubility 
in a developing solution upon exposure to ultraviolet 
light (electromagnetic radiation), is used as the dry 
film resist in the present invention. The dry film 
resist refers to a solid film formed by molding a 
photosensitive resin composition which, upon the 
application of ultraviolet light (electromagnetxc 
radiation) through an exposure mask having a desired 
pattern, can be patterned by utilizing the exposed 
portion and the unexposed portion. Dry film resists are 
classified into positive-working resists, wherein the 
exposed portion is eluted into the developing solution, 
and negative-working resists wherein the unexposed 
portion is eluted into the developing solution. In the 
present invention, any of the positive-working or 
negative-working resists may be used so far as the 
following property requirements are met. 

The dry film resist in the present invention is 
preferably developable and separable with an aqueous 
solution, particularly a basic aqueous solution. The dry 
film resist, however, is not particularly limited so far 
as the resist is resistant to the etching liquid and can 
maintain the pattern shape during wet etching of the 
insulating layer. Dry film resists, which are 

developable and separable with a basic aqueous solution, 
include, for example, SUNFORT (tradename) series 
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lca ^ Kasei Koqyo K.K.; and ALPHO 
manufactured by Asahi Kasei *ogy 

^ m ^ series and LAMINAR (tradename) series 
(tradename) series an Further, 
Inufactured by Nichigo-Morton Co., Ltd. Further, 
manufactured y solution development- 

commercially available lactic aci resist s 
5 lactic acid solution separation type dry film resists 
such as SPP-00GI-25 AR (tradename; manufactured by 
Nippon Steel Chemical Co., Ltd.) are also usable. 

P In the wet etching of the insulating layer in the 

-en, —ion ^J = ^Z^ ZZZ 
10 Hrer « « - - surface of the insulating layer- 
n this case, the thicKness of the dry film res- is 
, i ,„ 5 times the thickness of- the 
preferably 1.1 « * ti thick „ess 
conductive inorganic material layer 

of the dry film resist is less than 1.1 tis.es 
" thicKness of the conductive inorganic serial ^ layer 
after the lamination of the dry film resist " * 

£ ear of convexes breaking through the dry film resist 
redJ - . This is causative of a 

irKr^ ^ the rr s of 

insulating layer form the viewpoints of stabilisation of 
the pattern shape and resolution of a fine pattern in 
25 short, a good pattern shape can be obtained when the 
thickness of the dry film resist is in the range of 1.1 
to 5 t" es the thickness of the conductive inorganic 
Serial layer located on the side in which a pattern is 
to be formed by the dry fil. . resist „ cially 
,„ m general, the aspect j-cx^j. 

available dry film resist is about > to ! an. the 
formation of a fine wiring pattern . more 

smaller thickness of the dry film resist is more 
smaller howeV er, the above-described 

advantageous. Since, nuw . t 

,s nroblem exists, the thickness of the dry film resist 
35 problem exis . . s of the conductive 

should be larger than the thickness 01 
inorganic material layer provided in the laminate. 
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Conventional lamination methods such as roll 
pressing or flat pressing may be used in the lamination 
of the dry film resist. In the laminate used xn the 
present invention, the thickness of the insulating layer 
5 is 500 m» at the maximum and is preferably not more than 
300 Mm. Therefore, in such a state that the conductive 
inorganic material layer has been patterned to a desxred 
shape, the rigidity of the substrate is low. Due to thxs 
nature, when the laminate is laminated by roll pressing 
10 sheet by sheet, the substrate is disadvantageous^ 
warped. The warpage of the substrate causes a 
significant misalignment at the time of exposure xn a 
later step. This misalignment is causative of a 
misalignment of the pattern of the conductive inorganxc 
15 material layer with the pattern of the insulating layer 
"~ For this reason, the warpage of the substrate should be 
minimized. To this end, when the dry film resist xs 
laminated onto the substrate on the sheet, the use of a 
flat press is indispensable for the preparation of 
20 products with high accuracy as designed. 

Further, in laminating the dry film resist onto the 
etched conductive inorganic material layer, the 
inclusion of air bubbles, for example, the inclusion of 
air bubbles between edges of concaves and convexes of 
25 the conductive inorganic material layer formed by 
etching and the dry film resist, causes contact faxlure 
at that portion. This results in an unacceptable poor 
etching shape. Since the etching rate of the wet etching 
is several tens of times larger than the etching rate of 
3 0 plasma etching as the dry process, the contact faxlure 
is likely to cause etching of a site not to be etched, 
in this case, the pattern defect extends in a wider area 
than that in the case of dry process. To solve thxs 
problem, in the present invention, the lamination xs 
carried out under reduced pressure or under vacuum, 
preferably at a vapor pressure of not more than 80 KPa 
<*, 600 mmHg), more preferably not more than 40 KPa ( . 
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300 mmHg), most preferably not more than 6.7 KPa ( . 
mmHg), from the viewpoint of removing air bubbles. 

When a dry film resist having a smooth surface xs 
used, even flat pressing under reduced pressure 
sometimes causes not less than about 20% of the surface 
of the substrate to be accounted for by air bubbles. In 
this case, when a dry film resist having on its surface 
fine concaves and convexes is used and is laminated so 
that the concaves and convexes face the substrate sxde, 
the fine concaves and convexes function as a passage for 
the escape of the air bubbles. This can prevent the 
occurrence of the above unfavorable phenomenon and xs 
very effective for removing air bubbles. 

That is, when the dry film resist is laminated in 
sheet-by-sheet treatment, flat pressing under reduced 
pressure and the use of a dry film resist having on xts 
surface concaves and convexes are preferred for the 
preparation of products with good dimensional accuracy. 

Regarding the concaves and convexes provided on the 
surface of the dry film resist, preferably, the dry film 
resist has a surface roughness Rz in the range of 0.5 to 
50 van. The concaves and convexes may be formed by any 
method without particular limitation. For example, after 
bringing a photosensitive resin composition to a dry 
film resist by coating or molding, the dry film resxst 
is embossed to form concaves and convexes. Alternatively, 
a method may be used wherein a photosensitive resxn 
composition in a solution form is coated onto a fxlm 
having concaves and convexes and the coating is drxed to 
prepare a dry film resist with concaves and convexes 

formed thereon. 

The dry film resist is preferably laminated under 
conditions of temperature 20 to 100°C and press pressure 
0.05 to 0.3 MPa (0.5 to 3 kgf/cm 2 ). In this case, 
regarding the atmosphere in the lamination, the 
lamination is preferably carried out under reduced 
pressure or under vacuum, preferably at a vapor pressure 
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of not more than 80 KPa < 600 mmHg), more preferably 
not more than 40 KPa < ** 300 mmHg), most preferably not 
more than 6.7 KPa < *-r 50 mmHg). vacuum suction time is 
regulated according to sheet size of the laminate to be 
5 processed. Specifically, the vacuum suction time is set 
so that, at the time of contact bonding, air bubbles are 
not left between the dry film resist and the laminate 
sheet. Lamination conditions vary depending upon Tg of 
the dry film resist used, and the lamination is carried 
10 out at a temperature high enough to fully cover a 
portion between patterns of the conductive inorganic 
material layer. In this case, when the temperature xs 
excessively high, the sensitivity at the time of 

exposure is unstable. 

0 15 The development and separation of the dry film 

1 ^ resist are preferably carried out using a developing 
W solution or a separation solution corresponding to the 

2 dry film resist used under recommendation conditions. 

1 However, the method for the development and separation 

2 20 of the dry film resist is not particularly limited. As 
t described above, development with an aqueous solution, 
° preferably a basic aqueous solution, particularly 
1 preferably an aqueous inorganic basic solution, is 

preferred from the viewpoint of waste treatment. The 
25 aqueous solution in the present invention may be a 
liquid composed mainly of water. Depending upon 
development and separation conditions, the aqueous 
solution may contain less than 50% by weight of an 
organic solvent such as an aliphatic alcohol, an 
30 aromatic alcohol, or an organic polar solvent. There is 
no particular limitation on the method for development, 
and examples of development methods include dipping, air 
spray, and submerged spray. 

When the dry film resist is used in wet etching of 
35 the polyimide, since the etching liquid contains a 
highly reactive component in a high concentration, as 
compared with other cases, it is difficult for the dry 



66 



film resist to maintain the pattern. To overcome thxs 
problem, the following method may be used. After the dry 
film resist is laminated followed by exposure and 
development to form a pattern, the assembly is heated. 
Alternatively, in the case of a negative-working dry 
film resist, an ionizing radiation, preferably 
ultraviolet light, is again applied. This method can 
strengthen the pattern of the dry film resist and can 
increase pattern shape retention time upon contact wxth 

the etching liquid. 

The heating is carried out at a temperature in the 
range of 30 to 200°C, preferably 70 to 150°C, and the 
treatment time is suitably 10 sec to 20 mm. The 
treatment method is not particularly limited, and 
examples thereof include a method wherein the assembly 
is allowed to stand on a hot plate, a method wherein the 
assembly is placed in an oven, a method wherein the 
assembly is treated with hot air, and a method wherein 
an infrared heater is used. 

When the pattern shape retention is improved by the 
application of ultraviolet light (electromagnetic 
radiation) after the formation of a resist pattern, the 
application of energy at not less than 5 mJ with the 
same wavelength as used in the pattern-wise exposure xs 
preferred. 

Etching liquid 

various etching liquids as described xn the column 
of " BACKGROUND OF THE INVENTION, " may be used as the 
etching liquid used in the present invention. The 
production process of an electronic component accordxng 
to the present invention aims at high productivity, low 
process cost (apparatus cost, maintenance cost, and 
waste treatment cost), and low toxicity. Therefore, the 
etching liquid preferably has low toxicity and hxgh 
service life. Preferably, the etching liquid does not 
contain highly toxic hydrazine. However, hydrazine may 
be contained as an additive in an amount of not more 
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than 10% by weight based on the etching liquid. When the 
content of hydrazine exceeds 10%, etching shape is 
likely to be unstable making it difficult to process 
control. As described in Japanese Patent Laid-Open No. 
301981/1993, the behavior of hydrazine in etching is 
unstable, and a lower hydrazine content is preferred 
from the viewpoints of process control and working 
environment. 

The etching liquid used in the present invention 
should have etching rate high enough to etch polyimide 
within the pattern shape retention time of the dry film 
resist. Specifically, a basic aqueous solution composed 
mainly of an inorganic alkali disclosed in Japanese 
Patent Laid-Open Nos. 97081/1998 and 195214/1998 is most 
preferred. The etching liquid usable in the present 
invention is basically an aqueous solution containing 
one of or a mixture of two or more of an inorganic 
alkali, an aliphatic amine (diamine), an aliphatic 
alcohol, and an aliphatic amino alcohol and, as an 
additive, urea or an organic polar solvent and 
preferably has a pH value of more than 9. 

The etching treatment temperature is above the 
solidifying point or precipitation temperature of the 
etching liquid and below the boiling point of the 
etching liquid and, from the viewpoints of productivity 
and process control, is 10 to 120°C, preferably 30 to 
95°C, more preferably 50 to 90°C. In the case of an 
etching liquid containing a component which is volatile 
at the treatment temperature, treatment for a long 
period of time sometimes causes a change in composition 
of the etching liquid. Therefore, the treatment is 
preferably carried out at a temperature such that the 
evaporation of the components of the etching liquid can 
be avoided. This, however, is not essential. 

The smaller the temperature profile within the 
etching bath, the better the results. The temperature 
profile is preferably within ± 1°C, more preferably 
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within ± 0.5°c. 

It has been experientially confirmed that, based on 
the mechanism of wet etching of polyimide, the etching 
rate exponentially increases with increasing the etching 
temperature. When the treatment is carried out under 
conditions which provide a higher etching rate, the 
dependency of the etching rate upon the temperature 
becomes larger. Therefore, when temperature profile 
exists within the etching bath, a variation in pattern 
accuracy within the plane of the substrate is large. 
This is particularly significant when the etching rate 
of the insulating layer is large. Therefore, the 
minimization of the temperature profile is effective for 

uniform processing. 

Etching methods include dipping, air spray, 
submerged spray, and dipping + application of ultrasonic 
wave. in the case of air spray, however, components of 
the etching liquid are significantly evaporated making 
it difficult to perform the liquid control. Preferred 
are dipping or submerged spray. Submerged spray is 
preferred from the viewpoint of further reducing the 
taper angle of the etching shape. 

When ultrasonic wave is applied to the etching 
liquid, conditions for the application of ultrasonrc 
5 wave should be carefully set so as to avoid an 
unfavorable phenomenon such that, upon the application 
of ultrasonic wave, the dry film resist is partially 
separated and the etching shape becomes unacceptable. 

The etching of the laminate may be carried out in 
0 such a state that the laminate vertically stands up or 
is horizontally placed. When the etching of the laminate 
is carried out in such a state that the laminate 
vertically stands up, upon the removal of the laminate 
from the etching bath after the completion of the 
5 etching, the etching liquid is easily removed and the 
loss of the etching liquid is small. On the other hand, 
when the etching of the laminate is carried out in such 
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a state that the laminate is horizontally placed, 
laminates can be horizontally continuously carried and, 
thus, advantageously, this method is more suitable for 
mas s production and, in addition, the temperature 
profile of the etching liquid is small. 

If necessary, before etching, the surface of the 
laminate may be treated with a surfactant to enhance the 
affinity of the laminate with the etching liquid. When 
the etching liquid is composed mainly of an inorganxc 
basic aqueous solution, the affinity of the etchxng 
liquid for the surface of the insulating layer is 
sometimes poor. In this case, the treatment with a 
surfactant is effective for improving the affxnxty of 
the laminate for the etching liquid to evenly etch the 
whole laminate. The type of the surfactant used for thxs 
purpose is not particularly limited. In the case of 
continuous large-scale treatment, however, since the 
surfactant is gradually incorporated into the etchxng 
solution, the use of an ionic surfactant leads to a fear 
of the surfactant functioning as a buffer and thus 
deteriorating the etching liquid. In this case, the use 
of a nonionic surfactant is preferred. 

Further, after the treatment with an etching lxquxd, 
if necessary, the laminate may be rinsed. When rinsing 
is not carried out, components of the etching liquxd or 
the residue of the etched insulating layer are 
unfavorably sometimes left on the surface of the 
substrate. Rinsing liquids usable for the rinsxng 
treatment include, but are not limited to: a basxc 
aqueous solution; a mixed solution composed of an 
organic polar solvent and water; a mixed solutxon 
composed of an organic polar solvent and an alcohol; and 
water. The rinsing treatment temperature may be xn any 
temperature range so far as the temperature is above the 
solidifying point or precipitation point of the rxnsxng 
liquid used and below the boiling point of the rinsxng 
liquid, in this case, the separation liquid in the step 



of separating the dry film resist after the step of 
etching as such may be used as the rinsing 1^ 
simultaneously carry out the rising treatment and the 
separation of the dry film resist. 

organic polar solvents usable in the rinsrng Ixquxd 
include, but are not limited to, n-methyl-2-pyrrolidone 
(MMP) , dimethylformamide, and dimethyl acetamxde. 
Alcohols usable in the rinsing liquid include: alxphatxc 
alcohols such as methanol, ethanol, and propanol; 
aromatic alcohols such as phenol and cresol; and 
compounds containing a plurality of hydroxyl groups xn 
one molecule, such as diols. 
Reparation of dry film res i st 

The dry film resist is separated under 
recommendation conditions for the separation of the dry 
film resist. When the polyimide or the like as the 
insulating layer used has poor alkali resistance, the 
use of an agueous solution of an organic base such as 
ethanolamine is preferred. The dry film resist xs xn 
many cases separated by spraying a basic agueous 
solution. Alternatively, dipping or applicatxon of 
ultrasonic wave may be used. 

in the case of a laminate produced by hot pressing, 
in many cases, the surface of the conductive -organic 
ma terial layer in the laminate has been roughened for 
adhesion improvement purposes. When the roughened face 
has been transferred onto the insulating layer, the dry 
film resist is embedded in the roughened face. Therefore 
severer conditions should be adopted. This is true of 
the case where the treatment for improving the 
resistance to the etching liquid has been carried out. 

fifth invention 
Specific preferred embodiments of the production 
process of an electronic component using a dry film 
resist, an electronic component, and a suspension for a 
hard disk drive according to the fifth invention wxll be 
described with reference to a process diagram, though 
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the present invention is not limited to these preferred 

embodiments only. «*• 1 * elect^ 
illustrating a production process of an 
component by wet etching, wherein a lamina e comp sed 
o£ an insulating layer 1 of a polynnide, a ~»*»t*™ 
inorganic serial layer *«^J??Z2*Z 

side of '-^r^.t.-i. 

inorganic material layer i *• starting 

side of the insulating layer 1 is used as a starting 

"""rig 1 (a, shows the layer construction of the 

legate 9 as the starting material * 

is laminated by roll pressing or flat pressing 

o£ the conductive inorganic material layers 2, 3 located 

respectively on the top surface and the back surface of 

Z laminate to prepare a laminate having a laminate 

structure shown in Fig. X <b,. A mask for Ringing the 

conductive inorganic material layers 2 to^ d re 

p ™ is *z: rveizr::' izi — 

:: ; - - a resist - 

in Fig 1 (C). The conductive inorganic material layers 
2 3 are then etched with an aqueous Feci, solution to 
orm an etching pattern of the conductive inorganic 
serial layers 2 3 ac cording to^the ^pattern 

, : dry film resist 5 is laminated by roll pressing or 
t lat pressing onto the conductive inorganic material 
layers 2. 3 located on the top surface and the back 
uriace of the laminate shown in Fig. «., to ^ prepare , a 
laminate having a laminate structure shown in Fig 1 f ) • 
A mask for bringing the insulating layer 1 to a desired 
pattern is put on the laminate, and the assembly is then 
exposed and is developed with an agueous HaHCO, solution 
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layer according to the resist pattern Sh °"" " ^ 
, h . Next, the resist is dissolved xn and separated by 
aqueous NaOH solution or an aqueous KOH soint.on - 
an electronic component according to the p 
invention with an etching pattern has been formed as 

shown in Fig. 1 (i)- nrpsent 
Next, each constituent feature of the present 

invention will be described. 

L aminate nreS ent invention has a 

The laminate used in the present in 
instruction of conductive inorganic material 
r/Zer .^X -yer - conductive inorganic material 
ilyer or a layer construction of 

conductive inorganic materxa ^ > conductive 

inorganic material layer used refers o£ 
material layer which is not organxc. Examples 
:„d ctive Inorganic material layers include a pu 
metal layer of copper, iron or the ^^^Z 
such as stainless steel, a materxal layer formed _y 
treating the surface of the metal layer, a single 
"vstal silicon layer, an inorganic semiconductor layer, 
crystal sui j „ nB *mtive inorqanic 



25 an Y /r letaT ox^ layer. when a conductive inorganic 

• -, i avP r is provided on both sides of the 
material layer is P LUVXU matpr ; al 
insulating layer. the conduct! »e — - xal 
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ma; be t e same or different. „ particular in 
£ case If electronic components, copper, copper . lloy 
"on nicxel. stainless steel and the lixe are -rtable 
Z Conductive inorganic material layer preferably has a 

sickness in the range of 0.1 ^J^^jTTZ* 

wn en the conductive inorganxc materxal layer 

of a metal, the thickness of thxs layer 

oreferably in the range of 0.1 urn to 200 vm. 

P Zl the electronic component produced by the 

production process of an electronic component accordxng 
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to the present invention is a suspension for a hard dxsk 
drive, there is no particular limitation so far as one 
of the conductive inorganic material layers xn the 
laminate as the starting material is formed of staxnless 
steel. From the viewpoint of spring properties requxred 
in the suspension or dimensional stability, however SUS 
is preferred. More preferred is SUS 304 whxch has 
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b ee„ tension annealed at a temperature of 300JC or abo 
The thickness of the stainless steel fori rs preferably 
in the range of 10 to 70 pm, more preferably 15 to 30 *m. 

For example, a copper foil or copper alloy fori 
having a thickness of 3 to 20 ^ may be mentioned as the 
other conductive inorganic material layer rn the 
laminate as the starting material. The copper alloy fori 
is an alloy foil formed of copper in combination wrth 
dissimilar element such as nickel, silicon, zinc, trn 
or beryllium and has a copper content of not less than 



70% 



These stainless steel foil and copper alloy fori 
0 may be chemically or mechanically surface treated from 
the viewpoint of improving the adhesion or the Irke. 

The insulating layer in the laminate may be formed 
of any material without particular limitation so far as 
th e material has insulating properties. From the 
,5 viewpoints of insulating properties and heat resistance 
' in the form of a thin film, however, at least one layer 
of a polyimide resin is properly included rn the 
insulating layer. The insulating layer may be rn the 
(orm of a laminate of a plurality of rnsulatron unrt 
30 layers, for improving the adhesion to the conducive 
■ laver For example, an adhesrve 

inorganrc material layer. i r 

insulating layer may be included. In this case, all the 
layers constituting the insulating layer are formed of a 
polyimide from the viewpoints of heat resistance and 
35 insulating properties. Further, according to regurred 
properties, these layers may be different from each 
other or one another in composition, or alternative!, a 



plurality of layers having an identical composxtxon may 
be used. An example of the above construction is a 
laminate of stainless steel - adhesive polyimide A - 
low-expansion polyimide - adhesive polyimide B - copper 
in this case, since the conductive inorganic material 
layers as adherends are different from each other, one 
of which is formed of stainless steel and the other xs 
formed of copper, layers (adhesive polyimides A and B) 
constituting the insulating layer, which are dxfferent 
from each other in composition, are used for good 
adhesion to the respective adherends. 

in the insulating layer of the laminate, at least 
one of the layers constituting the insulating layer may 
be formed of a composite composed of an organic materxal 
and an inorganic material. Examples of composxtes 
include one wherein inorganic fine particles such as 
inorganic fillers are dispersed in a matrix resin layer 
and one wherein a fiber sheet such as a glass cloth xs 
impregnated with a matrix resin. 

Further, from the viewpoint of preventxng the 
warpage of the substrate, at least one of the layers 
constituting the insulting layer has a coefficxent ^of 
thermal expansion (a coefficient of Ixnear thermal 
expansion) which is relatively close to that of the 
conductive inorganic material layer (see Japanese Patent 
Laid-open No. 157286/1985). The acceptable range of the 
difference in coefficient of thermal expansion xs * : 15 
p P m. Further, since the conductive inorganxc materxal 
generally has a coefficient of thermal expansion of not 
m ore than 30 PP m, the use of an insulating layer havxng 
a coefficient of thermal expansion of not more than 30 
ppm is more preferred. When more fully preventing the 
warpage is desired, the total thickness of the layers 
having a coefficient of thermal expansion of not more 
than 30 ppm in the insulating layer is preferably not 
less than the half of the total thickness of all the 
layers constituting the insulating layer. 
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When the insulating layer in the laminate has a 
multilayer structure of a plurality of polyimide layers , 
the etching properties of the polyimide layers are 
important. when the insulating layer in the lamrnate 
according to the present invention constituted by two or 
more insulation unit layers, the ratio of the etchrng 
rate of the insulation unit layer having a hrgher 
etching rate to the etching rate of the 



layer having a lower etching rate at the trme of the wet 
etching is preferably in the range of 6 : 1 to 1 : , 
more preferably in the range of 4 : 1 to 1 : 1 . When 



the insulation unit layers falling within thrs etchrng 
rate ratio are selected, a good etching shape can be 
realized in the insulating layer, in this case, even rn 
the laminate for a wireless suspension which is recurred 
to satisfy strict specifications, wet etching can be 
carried out with high accuracy, and, as compared wrth 
dry etching, etching can be carried out in a shorter 
time with better productivity. 

The total thickness of the layers constitutrng the 
insulating layer is preferably in the range of 3 to 500 
H.. Further, from the viewpoints of P rod ^ tiV \" d 
distance of the dry film resist to the etchrng Ixqurd, 
the wet etching time is preferably 10 sec to 30 mm. The 
wet etching time is more preferably 10 sec to 15 mrn, 
still more preferably 10 sec to 10 min, most preferably 
10 sec to 15 min. When the etching time exceeds 30 mrn, 
since the etching liquid is strongly alkaline, the dry 
film resist is unfavorably separated at the trme of 
etching and this makes it impossible to form a desrred 
etching pattern. When the etching rate under wet etchrng 
conditions is large and the insulating layer can be 
etched by no less than 500 m» m 30 min, a thickness of 
the layers constituting the insulating layer of 500 Mm 
may be adopted. On the other hand, when the etchrng rate 
is small and etching of the thickness 500 ,m cannot be 
realized in 30 min, the acceptable upper Irmrt of the 
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thickness of the insulating layer is such that the 

w_ .^hrf in 30 mm. More 
insulating layer can be etched in 

specifically, for example, when the etching rate of the 
insulating layer is 20 ^in, the acceptable upper 
5 limit of the thickness of the insulating layer is 600 m- 
w^n the etching rate of the insulating layer is 2 
,Wmin, the acceptable upper limit of the thickness of 

the insulating layer is 60 (.m. 

in the wet etching of the insulating layer, tor 
10 example, in the case of etching of a polyimide as the 
10 inflating layer with an alkali solution an imrde bond 
is reacted with hydroxide ions in the solution to cause 
ring opening and consequently to give polyamic acid 
K Len in this state, the solubility in the basic aqueous 

S 15 solution is higher than that of the polyimide m the 
* ^sic agueous solution. Further, the amide group in the 

S Zl acid is attacked by hydroxide ions and 

'» " lower the molecular weight of the polymer, and this 

f proves the solubility. When an easily «^ 

2 20 group is contained in the molecular chain, this site 
E sometimes hydrolyzed. In general, in the case of 

b insulating layers having an identical structure Produced 

?, under the same production conditions, the rate is 

>» unoei number of times of 

approximately proportional to the number 
25 collision of hydroxide ions against rmrde bond in the 
polyimide, and this thermodynamically exponentially 
increases with increasing the temperature. 

According to this mechanism, in the case of 
linear polymer, when the molecular weight is ma 
30 practically usable range, it is cons idered that the 
etching rate is not significantly influenced by the 
lolecu ar weight. I. fact, the above hypothesis is 
supported by data obtained by experiments conducted by 

the present inventors. . 

In the laminate as the starting material used in 
the present invention, the adhesive insulating layer 
constituting the insulating layer is mainly formed of 



polyimide or a resin similar to the polyimide. However 
L resin is not particularly limited to this only and 

j „ ear = s the resin is _ neai: 

fnvenfion refers to a polyimide. which has an adhesive 
trength to an adherend of not less than 100 
,0 aegree peel test, and a thermoplastic polyxmrde xs 
Inly -ed. However, the adhesive polyimide xs not 
particularly limited to this only. 

P Th e laminate as the starting material used xn the 

» r->™rhiced bv any method without 
present inventron may be produced b y y 

particular limitation ^o far as ^ ^ 

.;=r n met°h f odry LTroperly -eoted — t 

• ^ n f the contemplated product, 
properties required of tne c t> 

Lamples of production methods "^^TorThe 
wherein a solution of a material 

sulalinf layer is coated directly onto the conductive 
msulatxng layer ^ ^ ^ 

"^^ting layer, 

• laver is laminated, and the assemoxy 

inorganxc material layer me thod) 
is then thermocompressxon bonded, a method ( 
herein an adhesive insulating layer is formed on a 
previously provided core film as the insulating layer, a 
: nd ctive inorganic material layer is laminated and 
thermocompression bonded onto the top surface and the 
b acK surface of the adhesive insulating 

a-ft-pr the formation of an adhesive 
' I^fTCr out an insulation film, an conductive 
Inorganic material layer is formed by vapor deposxtron. 
sputtering, plating or the like. 

in the contemplated electronic component, when a 
5 conductive inorganic material layer, which cannot be 
formed by plating, such as a rolled copper fori or 
stainless steel is indispensable, the use of a lamrnate 
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„ .„ bv a method, wherein conductive inorganic 
ZT'l 1 er a" formed by thermocompression .ending 
I preLred. When the cenductive inerganic materia! 
ye r shou ld b e very finely patterned in a wiring width 

0 / n ot .ere than i „. °" T^^X 

cenductive inerganic material layer re thinly 
sputtering or plating, is preferred. 

The thickness of the whole laminate including the 
cenductive inorganic material layers may vary depending 
upon contemplated applications . ^«° bl ^Tnlucttve 
thickness of the whole laminate including the conductive 
inorganic material layers is in the range of 5 tc 200 
» !„ particular, when all the conductive 

I J.x lavers in the laminate are formed of a metal, 
material layers in lamina te including the 

the thickness of the who! prefer ably in 

conductive inorganic material layers P 
the range of 5 to !000 ^, particularly preferably in 
the range of 5 to 500 \m. 

Er *^? ma t^al, which undergoes a change in solubility 
in a developing solution upon exposure to ^traviolet 
light (electromagnetic radiation), is used as the dry 
f iL re'sist. The dry film resist refers t a sol id 1m 
f crmed by molding a J££"™ u , ht 

^rom^etirra^rr through an exposure mas. 
(electromagu „f t emed by utilizing 

having a desired pattern, can be patternea by 
the exposed portion and the unexposed portion. Dry film 
resists are classified into positive-working resists, 

, Teein the exposed portion is elut* . into ^ th 
developing solution, and negative-working resists 
herein the unexposed portion is eluted into the 
developing solution. In the present invention, any of 
Z positive-working or negative-working resists may be 

s used so far as the following property requirements are 

met ' The dry film resist used in the present invention 



m ay be specifically produced by blending a P°^ C 
Y n a „*/r»r nonfunctional monomer, 

hinder, a monofunctional and/or polyf 

: p :rTd er r;re r : ^ — — - 



film 



The polymeric binder as cne component of the dry 
~i in the present invention is 

incorporated into th y^ ^ ^ ^ 
' f0r ™ °* f that is is a component as a skeleton of 

, hinder and other examples of 

of tne ary r>olvmeric binder rs 

-era,e molecular weight o the p^y ^ ^ 

preferably not less more tha „ 100000 £rom 
° -r^Tnrof^elopabJity. However the weight 
average molecular weight of the polymeric binder 
oarticularly limited to the above defined range. 

in many cases, an acidic functional group in the 
of alteli development and a basic functional group 
25 case of alkali aeve e lntro duced into the 

in the case of acid development are intr 
polymeric binder as one component of the dry 

Tl atilitT "ZT J"l££-X ~ is a 
30 Poly rcrr/l'monomer or a monofunctional monomer upon 
the application of ultraviolet light or the like, 

the dry film resist. 
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specific examples of such functional groups include 
„ut are not particularly limited to, 1 , 6-hexanedrol 
but are n P lohexane diol di(meth)acrylate, 

dKmetn.acrylate 1.4 eye ^ polyethyle „e 

polypropylene glycol I Dolyoxyalk ylene glycol 
, ly eol di,meth )a eryl te poly ; oiyoxyethylene 
di(meth,acrylates such ^ 2 . di(p _ 

polyoxypropylene glycol v a i V cerol 

Hi fmeth, aery late, giyceiux 

hydr ° XyPhenyl 'r/ an t e rimethy Ipro ane " tri,meth,acrylate. 
tri(meth) aery late, trimetnyr P v , rl . meth)ao rylate, 
pelyoxypropyl trimethylolpropane "^[J^ 
polyoxyethyltrimethylolpropane meth)aorylat e, 
dipentaerythritol ether tri(me th)acrylate, 

"T hy rTd "glycS ether di ( meth,acrylate, 2,2- 
bisphenol A digxyciuyx lir ethane 
bis4 - m e th acryloxypen t ae th oxy Ph e„yl)prop^ 

gr oup-containing polyfu™! ^ ^ 
polyfunctional methacrylate or acryla 

bisphenol A in its structure. compon ent 

The photopolymerization initiator as one p 
o£ .J d/y mm resist used in the present ^ invent o 

oct aethylanthraguinone, 1,2-benzanthragurnone, . 
benzanthraguinone, 2-phenylanthragurnone 2,3 

aiphenylanthraguinone, Lchloroanthragurnone, 2 

chloroanthraguinone, ^'^^"r Tmethyl- - 

, nephtheguinone, 9,10-phenanthragurnone, 2 methyl , 

o ^ Himethvlanthraquinone, and 3-cnioro 
naphthoquinone, 2,3-dxmethyl q ketones , SUC h as 

2-methylanthraquinone; aromatxc ketones, 

M : phlpr - S ketone l 1 *'^ 

benzophenone, Mxchler s ^ ^_ 

bis(dimethylamino)benzophenone], • ' 

5 ^.-i-^^'-^^.^^^' ether, 
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such as benzyl diethyl Ketal, benzyl diethyl Ketal and 
2- , o-chlorophenyl ) -4 , 5-diphenylimidazolyl dxmer , 

Lunations of thioxanthones with alxylaminobenzoxc 
I:"; " :; e„a mpl e. . combination of ethylthioxanthone 
with ethyl dimethylaminobenzoate, a ccnbxnatxon of 2 
chl orot„ioxantho„e with ethyl d^ethyla-xnobenzo ate a 

combination of H 
dimethylaminobenzoate, or a comb 
chlorophenyl , -4 . 5-diphenylxmxdazolyl dxmer 
Michlefs ketone; acridines, such as 9-phenyl y 
a„d oxime esters, such as ^P^nyl-X^-P-Panedrone-a-o- 
oenzoyloxime and X-phenyl-l^-propanedxon^ (o 

ethoxycarbonyl) oxime. 

Other additives to the dry film resrst used xn the 
oresent invention include, but are not particularly 
Hi ed to, dyes or plants for enhancing absorp ro 
efficiency of applied electromagnetic wave, plastxcxzers 
for imparting flexibility to the dry ^ ^J\ Mon 

The dry film resist used rn the present 
is preferably developabie and separable with an aqueous 
ILalr solution. The dry film resist, however, xs not 
Particularly limited so far as the resist xs resxstant 
To the etching liguid and can maintain the ^ ^ 
during wet etching of the insulating layer. Dry fxlm 
resists which are developable and separable wrth an 

( «adename> series manufactured by J = hx ™"J^ 
x K • and ALPHO (tradename) series 
"Rename, series manufactured * ^ 
Ltd Further, commercially available lactrc acxd 

solution development-lactic acid solution separate 
solution v q PP _o0GI-25 AR (tradename; 

type dry film resists such as SFP-OOGI 25 i 
manufactured by Nippon Steel Chemical Co., Ltd.) 

also usable. . . h 

In the wet etching of the insulatxng layer xn the 
' laminate used in the present invention, in many cases, 
leaves and convexes such as wiring of the conductxve 
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inorganic material layer are formed on the °* 
the insulating layer. In this case, the thicks . 
ary film resist is preferably not less than 1.1 trmes 
the thickness of the conductive inorganic materral flayer 
; When the thickness of the dry film resxst rs less than 
Tl times the thickness of the conductive xnorganxc 
material layer, after the lamination of ** > dry f U- 
resist, there is a fear of convexes breakxn ~h ^ 
dry film resist and consequently bexng exposed Thrs xs 
0 causative of a poor etching shape. m short a good 
pattern shape can be obtained when the thxckness of the 
d ry film resist is not less than 1.1 times the maxrmum 
t LLss of the conductive inorganic material aye 
iocated on the side in which a pattern rs to be formed 

5 bv the dry film resist. . 

In general, the aspect ratio of the comxuercrally 
available dry film resist is about 2 to 1, and, 
formation of a fine wiring pattern is contempla ed a 
smaller thickness of the dry film resrst rs more 

above-descrrbed 

!0 rrS.. tte t'hicLss of the dry film resist 
Incurd be larger than the thickness of the conducive 
inorganic material layer provided in the lamxnate. 

conventional lamination methods such as roll 

25 pressing or flat pressing may be used in the lamrnatron 
of the dry film resist. m 

When the insulating layer in the laminate used xn 
th e present invention is thin, the rigidrty of the 
laminate is low in such a state that the rnorganrc 

30 rrial layer has been patterned into a 

- - — r; th :he"e is s :::::: z 

roll pressing sheet by sheet, "cne 
disadva'ntageously warped. The warpage of the substra 
causes a significant misalignment at the trme of 
35 exposure in a later step. This misalignment is causatrve 
" misalignment of the pattern of the conducive 

inorganic material layer with the pattern of the 
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insulating layer. For this reason, the warpage of the 
substrate should be minimized. To this end, when the dry 
film resist is laminated onto the substrate on the sheet 
the use of a flat press is preferred for the preparatron 
of products with high accuracy as designed. 

Further, in laminating the dry film resrst onto the 
etched conductive inorganic material layer, the 
inclusion of air bubbles, for example, the inclusron of 
air bubbles between edges of concaves and convexes of 
the conductive inorganic material layer J™* * 
etching and the dry film resist, causes contact farlure 
at that portion. This results in an unacceptable poor 
etching shape. Since the etching rate of the wet etching 
i several tens of times larger than the etching rate of 

4-v,« Hr-w nrocess, the contact failure 
plasma etching as the dry process, t 

4. i,i nfl a site not to be etched, 
is likely to cause etching of a site 

^ natt ern defect extends in a wider area 
in this case, the pattern aej.«^ 

than that in the case of dry process. To solve this 
problem, in the case of products of which 
patterning is reguired, the lamination rs carried out 
under reduced pressure or under vacuum, preferably at a 
vapor pressure of not more than 80 KPa «•« -«>; 

m ore preferably not more than 40 KPa 300 mmHg,, most 

c -i irpa i— 50 mmHg), from the 
preferably not more than 6.7 KPa ( . in 

viewpoint of removing air bubbles. 

When a dry film resist having a smooth surface rs 
used, even flat pressing under reduced pressure 
sometimes causes not less than about 20* of *>* ™<™ 
of the substrate to be accounted for by arr bubbles In 
this case, when a dry film resist having on its surface 
£1 „e concaves and convexes is used and is 
that the concaves and convexes face the substrate side 
the fine concaves and convexes function as a passage for 
the escape of the air bubbles. This can prevent the 
occurrence of the above unfavorable phenomenon and 
very effective for removing air bubbles. 

That is, when the dry film resist is laminated rn 
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sheet-by-sheet treatment, flat pressing under reduced 
Assure and the use of a dry film resist having on rts 
surface concaves and convexes are preferred for the 
preparation of products with good dimensions! -<™; 

Regarding the concaves and convexes provided on the 
surface of the dry film resist, preferably, the dry rim 
resist has a surface roughness Rz in the range of 0.5 



dO a. «^ " 

50 The concaves and convexes may be formed by any 

without particular limitation. 
bringing a photosensitive resin composrtron to dry 
film resist by coating or molding, the dry frlm resrst 
is embossed to form concaves and convexes. Alternatxvely 
method may be used wherein a photos ^ 
CO mposition in a solution form is coated onto a ^ 
having concaves and convexes and the coatrng rs 
prepare a dry film resist with concaves and convexes 
formed thereon. 

When high-accuracy processing is required, the dry 
,±1» resist is preferably laminated under conditions of 
on 100°C and pressure 0.05 to 0.3 MPa (0.5 
rrtf" cl, regarding the atmosphere 
in the lamination, the lamination is preferably carrred 
out under reduced pressure or under vacuum, ^f^ly 
at a vapor pressure of not more than 80 KPa < 600 
_H„. more preferably not more than 40 KPa « 3 
^g), most preferably not more than 6 7 KM , ( - 
wnq). vacuum suction time is regulated according 
T^t si- of the laminate to be processed. Specrf really, 
Z vacuum suction time is set so that, at the 
contact bonding, air bubbles are not left between the 
cry film resist and the laminate sheet. 
conditions vary depending upon Tg of the dry 
used, and the lamination is carried out at a temperature 
high enough to fully cover a portion between patterns of 
the conductive inorganic material layer. In this case 
when the temperature is excessively hrgh. 
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sensitivity at the time of exposure is "f^- 

The development and separation o£ the dry film 
resist are preferably carried out using a 
solution or a separation solution corresponded to the 
dry film resist used under recommendation condrtrons. 
However, the method for the development and -paratron 
of the dry film resist is not particularly Irmrted. As 
described above, development with an aqueous 
alkali solution is preferred from the vrewpornt of waste 
treatment. Development methods include, but are not 
limited to, dipping, air spray, and submerged spray. 

When the dry film resist is used in wet etching of 
the polyimide, since the etching liquid contains . 
highly reactive component in a high concentration, as 
nigmy difficult for the dry 

compared with other cases, it is dim 

film resist to maintain the pattern. To overcome this 
problem, the following method may be used. After the dry 
tUM resist is laminated followed by exposure and 
development to form a pattern, the assembly 
alternatively, in the case of a negative-worKrng dry 
film resist, an ionizing radiatron, preferably 
: Lviolet light, is again applied. This method can 
strengthen the pattern of the dry film resrst ^ and can 
increase pattern shape retention tUne upon contact wxth 

the etching liquid. 

The heating is carried out at a temperature rn the 

range of 30 to 20CTC, preferably 70 to 150°C and the 
range or ■> in sec to 20 min. The 

treatment time is suitably 10 sec to 
treatment method is not particularly limited 
examples thereof include a method wherein the assembly 
is allowed to stand on a hot plate, a method wherein the 
assembly is placed in an oven, a method «™*J£ 
assembly is treated with hot air, and a method wherein 
an infrared heater is used. 

When the pattern shape retention is improved by the 
application of ultraviolet light (electromagnetic 
radiation, after the formation of a resist pattern, the 
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application of energy at not less than 5 m3 with the 
e L wavelength as used in the pattern-wise exposure is 
preferred^ ^ ^ ^ ^ ^ ^ ^ ^ 

intimate contact with the laminate, the dr> r H3. resist 
is disadvantageously separated at the t* of wet 
etching. For this reason, a 90-degree peel strength of 
not less than 200 g/cm is preferably maintained. 

In the case of a laminate produced by hot pressrng, 
in many cases, the surface of the conductive inorganic 
m aterial layer in the laminate has been roughened for 
adhesion improvement purposes. when the roughened face 
has been transferred onto the insulating layer, the dry 
"ilm bites into the roughened face. Therefore, adhesive 
strength is advantageously likely to be ensured. 

E1Ellin ^r 0 Tetching liguids as described in the column 
of " BACKGROUND OF THE INVENTION, " may be used as the 
etching liquid which can be applied to the dry film 
:esist 9 used in the present invention. 

process of an electronic component accordrng to the 
Tresent invention aims at high productivity, low proces 

cost .apparatus cost. ^ = ^^re. th e 
treatment cost), and low toxicity. 

etching liguid preferably has low toxic ity and high 
service life. Preferably, the etching liquid does not 
contain highly toxic hydrazine. However, hydrazine may 
be contained as an additive in an amount of not more 
"an 10% by weight based on the etching liquid. When th 
content of hydrazine exceeds 10%, etching shape is 
likely to be unstable making it difficult to process 
control. As described in Japanese Patent baid-Open No. 
301981/1993, the behavior of hydrazine in 
unstable, and a lower hydrazine content is preferred 
from the viewpoints of process control and working 

^"etching liquid which can be applied to the dry 
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film resist used in the present invention should have 
etching rate high enough to etch polyimide withxn the 
pattern shape retention time of the dry film resist. 
Specifically, an aqueous alkali solution composed mainly 
of an inorganic alkali disclosed in Japanese Patent 
Laid-open Nos. 97081/1998 and 195214/1998 is most 
preferred. The etching liquid usable in the present 
invention is basically an aqueous solution contaxnxng 
one of or a mixture of two or more of an inorganxc 
alkali, an aliphatic amine (diamine), an alxphatxc 
alcohol, and an aliphatic amino alcohol and, as an 
additive, urea or an organic polar solvent and 
preferably has a pH value of more than 9. 

The etching treatment temperature is above the 
solidifying point or precipitation temperature of the 
etching liquid and below the boiling point of the 
etching liquid and, from the viewpoints of productivity 
and process control, is 10 to 120°C, preferably 30 to 
95°C, more preferably 50 to 90°C. In the case of an 
etching liquid containing a component which xs volatile 
at the treatment temperature, treatment for a long 
period of time sometimes causes a change in composition 
of the etching liquid. Therefore, the treatment xs 
preferably carried out at a temperature such that the 
evaporation of the components of the etching liquxd can 
be avoided. This, however, is not essential. 

The smaller the temperature profile within the 
etching bath, the better the results. The temperature 
profile is preferably within ± 1°C, more preferably 

within ± 0.5°C. 

It has been experientially confirmed that, based on 

the mechanism of wet etching of polyimide, the etching 

rate exponentially increases with increasing the etchxng 

temperature. When the treatment is carried out under 

conditions which provide a higher etching rate, the 

dependency of the etching rate upon the temperature 

becomes larger. Therefore, when temperature profile 
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exists within the etching bath, a variation in pattern 
accuracy within the plane of the substrate is large. 
This is particularly significant when the etching rate 
of the insulating layer is large. Therefore, the 
minimization of the temperature profile is effective for 

uniform processing. 

Etching methods include dipping, air spray, 
submerged spray, and dipping + application of ultrasonic 
wave. in the case of air spray, however, components of 
the etching liquid are significantly evaporated making 
it difficult to perform the liquid control. Preferred 
are dipping or submerged spray. Submerged spray xs 
preferred from the viewpoint of further reducing the 
taper angle of the etching shape. 

When ultrasonic wave is applied to the etchxng 
liquid, conditions for the application of ultrasonic 
wave should be carefully set so as to avord an 
unfavorable phenomenon such that, upon the applxcatxon 
of ultrasonic wave, the dry film resist is part rally 
separated and the etching shape becomes unacceptable. 

The etching of the laminate may be carried out xn 
such a state that the laminate vertically stands up or 
is horizontally placed. When the etching of the lamxnate 
is carried out in such a state that the laminate 
vertically stands up, upon the removal of the laminate 
from the etching bath after the completion of the 
etching, the etching liquid is easily removed and the 
loss of the etching liquid is small. On the other hand, 
when the etching of the laminate is carried out xn such 
a state that the laminate is horizontally placed, 
laminates can be horizontally continuously carried and, 
thus, advantageously, this method is more suitable for 
mass production and, in addition, the temperature 
profile of the etching liquid is small. 

SsgaxaJLLfin of dry film resist 

The dry film resist is separated under 
recommendation conditions for the separation of the dry 
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tUM resist. vmen the polytaide or the like as the 
inflating layer used has poor alkali resistance, the 
" of an organic alKali such as ethanolam- , r 

, -ci-i™ rpqist is in many caset> 
The dry film resist XD 

P tl' bv spraying a basic aqueous solution, 

separated by spray my ,. ra< , onic wav e 

Mternatively, dipping or applicatron of ultrasonrc 

"^the case of a laminate produced by hot pressing 
i- he surface of the conductive rnorganrc 
in many cases, the surface rou<jhene d for 

• i i av^T- in the laminate nas ceeu *. ^ 
material layer in tn roU ghened face 

adhesion improvement purposes. When the r g 
has b een transferred onto the -sulating layer ' ^ J 
film resist is embedded in the roughened face. There , 
severer conditions should be adopt ^ ^ 
the case where the treatment for improving 
resistance to the etching li.uid has been carried out. 

flXftMPT.F. A 

E **T i tterClastic polyimide X to be used in an 
adh esive insulating layer on copper s.de ^ 
thermoplastic Polyimide to b used m 
Elating layer °» us srde, ^ ^ 

L "kl^mine polype etching liguid 
el ^tradename, manufactured by Toray -^"^ ^ 
L td. was provided as an etching Irgurd used rn 

etching test. —.ted to a film 

Each of these resins was bar coated 

» on to 40 urn on a 20 um-thick sus 304 foil 
> sue of !S cm^x !S cm, and the film was heat 

t r form e^ ^- :r; r: 

ratings were taken off into a sr. e o a - - _ 

. ri-r: irr ---- - = 
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,„ rjolvimide etching liquid 
„ere dipped U^ersed, in a poly, 

TPE -3000, which - d t --;;r«sucna next en tthat a 
stirred with a magnetic ="" er thiok „ess was 

" hlrlP0 ; 1 r ve --ion U. in the sa,e 

H The film thickness after immersion was 
assured. The fil thlckne ss to determine 

subt r;i"n f :::e : £ x -ic-ss a„d *» «- 

^"e The resets are shown in Tahle A helow. 



Table hi 



Sample 



T.ow-expans ion polyimlde 



XjUW-^^F""" ±= ^ — _ 

Thermoplastic polyimide A 
(copper side) 



Etching r ate, um/min 



14.8 



14.8 




Th e ahove polypes were used U > prep- <J 
* lavor construction of SUS 3U« n 
Xaminate having ^ layer co ^ by Hippon 

rolled copper foil C 7u« V ± the 

ma nufactured by olin corp., which was 
following experiment. 

E * alUati ^^ a mask provided on the SUS side 

The laminate with a masK provi 

^ in a ferric chloride solution to etch the 
was immersed in a ferric <- 

. foil a 50 »un-thick alkali development-type dry 
copper foil. A 50 jm la minator onto the 

film resist was laminated by d of 6 .5 

exposed surface of the adhesive layer at a speed 

P . roll surface temperature 105 C 

m/ m in under conditions of roll sur _ 

and iine pressure , to < ^ , ^ ^ ^ ^ 

then allowed to stand oarried out using a 

Thereafter, exposure was carried 



predetermined mask by means of an intimate contact 
exposure system at 100 mJ/cm>. After standing at room 
temperature for 15 min. the dry film resist was 
developed with a 1 wt% aqueous Ha.CO, solutron under 
conditions of temperature 30°c and spray pressure 2 kg 
Z 40 sec. Thereafter, the laminate was dried and was 
then immersed in an etching liquid TPE-3000 for 
polyimide (tradename; manufactured by Toray Engrneerrng 
Co Ltd.) which had been stirred at 70°C with a magnetic 
stirrer to such an extent that a whirlpool had been 
formed. At the time when the polyimide film had been 
fully removed in the form of the mask, the laminate was 
taken out of the etching liquid, and the dry film resist 
was separated with a 3 wt% aqueous NaOH solution at 50 
If a spray pressure of 1 kg to prepare an insulating 
la yer. The insulating layer thus obtained was subjected 
to plasma treatment under conditions of pressure 25 to 
30 Pa, process gas NF./O, = 10/90%, and frequency 40 kHz, 
and dusting level was measured for the samples before 
and after the plasma treatment (sample A is a sample 
before the plasma treatment, and sample B a sample after 
Z plasma treatment, according to the followxng 

^^^previously filtered distilled water (hereinafter 
referred to as -blank") and fully cleaned beaker and 

tweezers were provided. 

insulating layers (each four patterns) randomly 
selected from each sample prepared in the above steps 
were placed in the beaker, and a given amount of the 
blank was poured into the beaker. The beaker was then 
placed within an ultrasonic irradiation system, and 
ul trasonic wave was applied for one min (extraction, . 
After the application of ultrasonic wave, the beaker was 
taken out of the system, and the sample was taken out 
with the tweezers. After taking the sample out of the 
beaker, 30 ml of the extract was set in a measuring 
apparatus equipped with an automatic fine particle 
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measuring device for a liquid manufactured by HJAC/ROYCO, 
a suction-type semi-automatic sampling device, and a 
laser diode light blocKing-type sensor to measure the 
amount of particles. To determine a blan* value the 
same measurement as described above was carrre d out 
except that the sample was not placed. The 
apparatus was cleaned for each measurement. The blanK 
value was subtracted from the measured value to 
determine the measured value of the sample The 
m easurement was carried out five times per 
the average of the five values was regarded as the frnal 
m easured value. The measured value for the sample A 
before the plasma treatment and the measured value for 
the sample B after the plasma treatment thus obtained 
are shown in Table A2 below. The amount of partrcles rn 
each sample column is the average of four patterns. 



Particle diameter/ 



Sample A, number 
of particles 




Sample B, number 
of particles 



As is apparent from Table A2, the dusting level rn 
the sample B subjected to the plasma treatment rs 
smaller than that in the sample A not subjected to the 

plasma treatment- 

According to the insulator in the present rnventron, 
since the insulating layer, which has been patterned by 
the wet process, is subjected to plasma treatment 
dusting of the end face of the insulating layer whrch 
comes into contact with the etching liquid, rs rnhrbrted 
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upon ultrasonic wave application, indrcatrn, that the 
surface of the insulating layer has been ^ 
Therefore, when the insulator accordmg to the present 
Mention is applied to electronic circuit 

This can enhance tne 
the level of dusting is low. This can 
reliability of electronic circuit components to whrch 
the wet process has been applied. In partrc - *he 
case of a suspension for a hard disK drrve the area of 
the insulating layer to be removed by etchrn, rs large 
and, at the same time, a fine pattern rs purred 
before, the effect attained by the *PP~> ™ 
„et etching is large. The insulator of the pre ent 
invention enhances the reliability of the w 
Ld thus is suitable as an insulating layer in the 
suspension for a hard disk drive. 

K +'- h fi b-' 1 i+Y test m , hesive 

A thermoplastic polyimide A used in an adhesive 

insulating layer on copper side, a ^op^stic 
poly imide B used in an adhesive insulating layer on SUS 
side and a low-expansion polyimide used in a core 
insulating layer were provided. An alkali-amine 

insulating laye TPE _ 30 00 (tradename) 

nolvimide etching liquid TPE juu 

P OAy t,td. was provided 

manufactured by Toray Engineering Co., Ltd. w P 

treated to form each polyimide frlm on SUS. These 
coatings were taKen off into a size of about 1.5 cm rn 
length x about 2 cm in width. The center portion was cut 
with a cutter Knife, and the film thickness was then 
I asured as an initial film thickness with a trace, : type 
£U m thickness meter Dektak. Thereafter, the 
, W ere immersed in a polyimide etching ligurd TPE-3000 

v ftn°r and had been stirred with a 

i^rxix ^ ^ . — .01 wa s 
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formed, and the film thickness was measured with Dektak 
every Immersion time in the same place as that where the 
Initial film thickness was measured. The 
after immersion was subtracted from the initial fU. 
thickness to determine a reductron level _o fxl* 
thickness and to determine the etching rate. The results 
are shown in Table Bl below. 



Table Bl 



Sample 



Low-expansion pol yimide 



Etching rate, nm/min 




JjU W — W^ f^ — *• — 

Thermoplastic polyimide A 



(copper side) 

Thermoplastic polyimide B 

(SUS side) 



10 T he above polyimides were used to prepare a 

^inate having a layer construction of SUS 304 H-TA 
foil .tradename; thickness 20 p., manufactured by Nippon 
t x'cbelL/co., Ltd., - thermoplastic polype » 
15 .thickness 1.3 H» - low-expansion polyimide (thrckness 
4.5 pm, - thermoplastic polyimide A (thickness 1.5 pm, 
r olle7copper foil C 7025 .tradename; thickness 18 pm 
manufactured by Olin Corp., which was used rn 
following experiment. 

20 Evaluation af dusting 

The laminate with a mask provided on the S S B 
W as immersed in a ferric chloride solution to etch the 
foil A 50 um-thick alkali development-type dry 
copper foil. A 50 ^ laminator onto the 

film resist was laminated by a hot i 
25 exposed surface of the adhesive layer at a speed of 6 5 
. ™HHi-ions of roll surface temperature 105 C 
^^^^0 4 kg,cm, and the laminate was 
then allowed to stand at room temperature for 15 mxn 
Thereafter, exposure was carried out usrng a 
3„ predetermined mask by means of an intimate contact 

exposure system at 100 ma/cm'. After standing at room 
exposure sy resist uas 

temperature for 15 mm, tne aiy 
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10 



15 



20 



25 



developed with a 1 wt% aqueous Ha.CO, solution under 
conditions of temperature 30'c and spray pressure J Kg 
for 40 see. Thereafter, the laminate was drxed and was 
hen i-ersed in an etching liquid TPE-3000 for 
polyimide (tradename; manufactured by Toray Engineering 
CO., Ltd., which had been stirred at 70°C 
stirrer to such an extent that a whirlpool had been 
formed. At the time when the polyimide film had been 
f^ly removed in the form of the mas,, the lamrnate was 
taken out of the etching liquid, and the dry frlm resrst 
was separated with a 3 wt* aqueous NaOH solution at 50 C 
at a spray pressure of 1 kg to prepare an insulating 
layer. The insulating layer thus obtained was placed in 
a clean oven manufactured by Tabai Espec Corp. at 200 C 
for 10 min to perform heat treatment, and dusting level 
W as measured for the samples before -a after the heat 
treatment (sample A is a sample before the heat 
treatment, and sample B a sample after the heat 
treatment) according to the following procedure. 

Previously filtered distilled water (hereinafter 
referred to as "blank") and fully cleaned beaker and 

tweezers were provided. J , Mm ->„ 
msulating layers (each four patterns, randomly 
selected from each sample prepared in the above steps 
were placed in the beaker, a given amount of the blank 
was poured into the beaker. The beaker was then placed 
within an ultrasonic irradiation system and ultra n 
wave was applied for one min (extractron, . After the 
application of ultrasonic wave, the beaker was taken out 
of the system, and the sample was taken out with the 
tweezers. After taking the sample out of the beaker 30 
ml of the extract was set in a measuring apparatus 
equipped with an automatic fine particle — 
device for a liquid manufactured by BIAC/ROyco a 
i suction-type semi-automatic sampling device, and a laser 
diode light blocking-type sensor to measure the amount 
of particles. To determine a blank value, the same 
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measurement as described above was carried cub except 
that the sample was not placed. The measuring apparatus 
was cleaned for each measurement. The blank value was 
subtracted from the measured value to determine the 
measured value of the sample. The measurement was 
carried out five times per sample, and the average of 
the five values was regarded as the final measured value. 
The measured value for the sample A before the heat 
treatment and the measured value for the sample B after 
the heat treatment thus obtained are shown rn Table B2 
below. The amount of particles in each sample column rs 
the average of four patterns. 



Sample A, number [sample B, number 




As is apparent from Table B2, the dusting level rn 
the sample B subjected to the heat treatment is smaller 
than that in the sample A not subjected to the heat 

treatment. . . ^ 

According to the insulator in the present rnventron, 
since the insulating layer, which has been patterned by 
the wet process, is subjected to heat treatment, dustrng 
of the end face of the insulating layer, which comes 
into contact with the etching liguid, is inhibited upon 
ultrasonic wave application, indicating that the surface 
of the insulating layer has been modified. Therefore, 
when the insulator according to the present invention rs 
applied to electronic circuit components, the level of 



dusting is low. This can enhance the reliability of 
electronic circuit components to which the wet process 
has been applied. In particular, in the case of a 
suspension for a hard disk drive, the area of the 
insulating layer to be removed by etching is large and, 
at the same time, a fine pattern is required. Therefore 
the effect attained by the application of the wet 
etching is large. The insulator of the present -v-tron 
enhances the reliability of the wet etching and thus rs 
suitable as an insulating layer in the suspension for 
hard disk drive. 

fly^mple C 

fl^hah-n itv test . , 0 

A thermoplastic polyimide A used xn an adhesive 
insulating layer on copper side, a ^ermoplastxc 
polyimide B used in an adhesive insulatxng layer on SUS 
side, and a low-expansion polyimide used in a core 
insulating layer were provided. An alkali-amxne 
polyimide etching liquid TPE-3000 (tradename) 
Manufactured by Toray Engineering Co., Ltd. was provided 
as an etching liquid used in the etching test. 

Each of these resins was bar coated to a fxlm 
fhickness of 20 to 40 urn on a 20 um-thick SUS 304 foxl 
having a size of 15 cm x 15 cm, and the film was heat 
treated to form each polyimide film on SUS. These 
coatings were taken off into a size of about 1.5 cm xn 
length x about 2 cm in width. The center portion was cut 
with a cutter knife, and the film thickness was then 
xneasured as an initial film thickness with a tracer type 
film thickness meter Dektak. Thereafter, the ^samples 
were immersed in a polyimide etching Ixouxd TPE-3000, 
which had been kept at 80°C and had been stirrec I with a 
■agnatic stirrer to such an extent that a whxrlpool was 
formed, and the film thickness was measured wxth Dektak 
; every immersion time in the same place as that where the 
initial film thickness was measured. The film thickness 
after immersion was subtracted from the initial fxlm 
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thickness to determine a reduction level of film 
thickness and to determine the etching rate. The results 
are shown in Table CI below. 



Table CI 



Sample 



Low-expansion polyimide 



J_l W W — v-"'*-^ --— J - ■ ■ 

Thermoplastic polyimide A 



(copper side) 



Thermoplastic polyimide B 
(SUS side) . 



Etching rate, M-m/min 



14.8 



14.8 



8.3 



The above polyimides were used to prepare a 
ornate h avi„ g a layer construction of SUS 304 H-TA 
£oi l (tradename; thickness 20 p-. manufactured W 
steel Chemical Co., Ltd.) - thermoplastrc polyrmrde 
(thickness 1.5 urn) - low-expansion polyimide 
4.5 m» - thermoplastic polyimide A (thickness 1.3 m) - 
rolled copper toil C 7025 (tradename; thickness 18 urn. 
manufactured by olin corp., which was used rn the 
following experiment. 

Evaluation of dusting 

The laminate with a mask provrded on the SUS srde 
was immersed in a ferric chloride solution to etch the 
copper foil. A 50 ^-thick alkali development-type dry 

, film resist was laminated by a hot lamrnator onto the 
exposed surface of the adhesive layer at a speed of .5 
m/min under conditions of roll surface temperature 105 c 
£ line pressure 2 to 4 kg/cm, and the lamrnate was 
then allowed to stand at room temperature for 15 mm 

5 Thereafter. exposure was carried out usmq . 
predetermined mask by means of an intimate contact 
exposure system at 100 mJ/cm'. After standing at room 
temperature for 15 min, the dry film resist was 
developed with a 1 wt* aqueous Na.CO, solution under 

0 conditions of temperature 30°c and spray pressure ,2 kg 
for 40 sec. Thereafter, the laminate was drred and was 
then immersed in an etching liquid TPE-3000 for 



Co., L td., which had --e- 7^.^ Jl ^ 

rr/ « s ;:: it «- — - — 

„Uy removed in the for. of the mask, the laminate was 
:i k e„ out o £ the etching liguid. and the dry res- 

i - * wt% aaueous NaOH solution at <~ 

was separated with a 3 « agu ^ insu lating 

r * Te .aU « as ^ 

"a treatment liguia, which had fees 
tem perature. for 3 .in, was then washed 
fi 0°c and was dried. The treatment liquid was P^pared 
60 C, and was acetic anhydride with 5 g 

by previously mixing 500 g of acetic 

, • „j Hustina level was measured for tne 
of triethylamine, and dusting ent witn tne 

samples before and after the ^ 
d ehydration catalyst (sample ^ is ^ 
treatment, and sample B a sample after 
according to the following procedure. , h „ rainafter 
Previously filtered distilled water (hereinafter 
referred t c as "blank" > and fully cleaned beaker and 

^1^"^ (each four patterns, randomly 
selected from each sample prepared in the above steps 
„ere placed in the beaker, a given amount of I the blank 
W as poured into the beaker. The beaker 

within an ultrasonic irradiation system and ultrasonic 
„ave was applied for one min (extract >. ^ 

ed with an automatic fine particle measuring 

T Z fo " a liquid manufactured by HI.c/ROVCO, a 
devxce tor a ■ Li 4 ux i.epr 
suction-type semi-automatic sampling device, and a laser 
suction uy F wiMsure the amount 

5 diode light blocking-type sensor t ^ " u the same 
of particles. To determine a blank value, « 
.measurement as described above was carried out except 



100 



10 



= placed. The measuring apparatus 

4- hat the sample was not piacea. 

Z cleaned for each measurement. The bleu* value was 
Ztracted from the measured value to determine the 
subtracted n measurement was 

measured value of the sample. The meas 
carried out five times per sample, and the average of 
the ive values was regarded as the final measured value 
The measured value for the sample A before the treatment 
™ ; the dehydration catalyst and the measured value for 
Wltl> ^ ,Tl a£ter the treatment with the dehydration 
TJ£ thus obtained are shown in Table C 2 below. The 
amount of particles in each sample column is the average 
of four patterns. 



15 



T flhlR C2 



Particle diameter, 



Sample A, number 
of particles 



56000 




Sample B, number 
of particles 



20 



25 



fi s is apparent from Table C2. the dusting leve, in 
the sample B subjected to the heat "J^^ 
than that in the sample A not subjected to 

""ording to the insulator in the present invention 
since the insulating layer, which has been patterned by 

fe o„hnected to the treatment with tne 
the wet process, rs suDjectea u 

dehydration catalyst, dusting of the end face of the 
insulating layer, which comes into contac^ j£h «. 
etching liguid, is inhibited upon the 
application, indicating that the surface 
insulating layer has been modified, before when the 
insulator according to the present inventron xs applred 



to electronic circuit components, the level of dusting 
is low. This can enhance the reliability of electronic 
circuit components to which the wet process has been 
applied, in particular, in the case of a suspension for 
a hard disk drive, the area of the insulating layer to 
be removed by etching is large and, at the same trme, a 

ine pattern is reguired. Therefore, the 
by the application of the wet etching rs large. The 
insulator of the present invention enhances . the 
reliability of the wet etching and thus rs suitabl as 
an insulating layer in the suspension for a hard disk 
drive. 

V f^t ^chabl^ laminate 

rEtchable test] ^. ^ 

For the production of a sample for the formatron of 
an insulating layer, PAA-A (tradename; polyamic acid 
varnish manufactured by Mitsui Chemicals Inc.) and EH-20 
(tradename; polyimide varnish manufactured by New Japan 
Chemical Co., Ltd., were provided as an adhesive resin 
^KAL »I (tradename; polyimide film (thickness 12. 
^ manufactured by Kanegafuchi chemical Ind. Co. Ltd ) 
Zs provided as a low-expansion polyimide to be 

,, - - ™« An alkali-amine polyimide etching 
functioned as a core, an ai«. Torav 
liquid TPE-3000 (tradename; manufactured by Toray 
Engineering Co., Ltd., was provided as an etching liguid 
used in the etching test. 

The adhesive resin varnish EN-20 (tradename) was 
spin coated to a film thickness of 20 to 40 ^ onto a 
10 „ ,m-thick SUS 304 plate having a size of cm x 
cm, and the coating was dried in an oven at 180 C for 30 
ZL paa-a (tradename, was an amic acid varnish and 
after the solvent was removed in the step of drying at 
12 0«C for 15 min, the amic acid varnish was thermally 
ITidated by a predetermined procedure to form a 
polyimide. Each dried product was taken off into a size 
of about 1.5 cm in length x about 2 cm in width. the 
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center portion was cut with a cutter knife, and the fxlm 
thickness was then measured as an initial film thickness 
with a tracer type film thickness meter Dektak 16000 
(tradename; manufactured by Sloan Technology). 
Thereafter, the samples were immersed in a polyxmxde 
etching liquid TPE-3000 (tradename; manufactured by 
Toray Engineering Co., Ltd., which had been kept at 70'C 
and had been stirred with a magnetic stirrer to such an 
extent that a whirlpool was formed, and the fxlm 
thickness was measured with a tracer type film thickness 
meter Dektak 16000 (tradename; manufactured by Sloan 
Technology) every immersion time in substantially the 
same place as that where the initial film thickness was 
measured. The film thickness after immersion was 
subtracted from the initial film thickness to determine 
a reduction level of film thickness, and the reduction 
level of the film thickness per min was regarded as the 
etching rate (unit: ^m/min) . The results are shown in 
Table Dl below. 
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Table Dl 



10 



15 



20 



Sample 



EN-20 



PAA-A 



APIKAL NPI 



gi-r-h-inq rate, mn/min 



About 11 nm/min 



About 1 nm/min 



About 20 nm/min 



r Evaluation of etchability] 

EN -20 (tradename; polyimide varnish manufactured by 
New Japan Chemical Co., Ltd.) was coated on both sides 
of a 12.5 nm-thick polyimide film APIKAL NPI film 
(tradename; manufactured by Kanegafuchi Chemical Ind. 
Co Ltd.) to a film thickness of 1.5 m ± 0.3 ^m on a 
dry'basis! and the coatings were dried under the above- 
described drying conditions. The film thus obtained was 
designated as a film A with an adhesive layer. 

Likewise, PAA-A (tradename; manufactured by Mxtsur 
Chemicals Inc.) was coated on both sides of : . i 12 .5 nm- 
thick APIKAL NPI film (tradename; manufactured by 
Kanegafuchi Chemical Ind. Co., Ltd.) to form a fxlm 
which was designated as a film B with an adhesive layer 
For the films A and B with an adhesive layer, the 
etching rate ratio is shown in Table D2 below. 







labia 


D2 






Etching 


rate 


Thickness of low- 
exapnsion layer : 
total thickness of 
adhesive laver 


Etching 




Low- expan- 
sion layer 


Adhesive 
layer 


rate ratio 


Film A with 
adhesive 


About 20 
jjun/min 


About 11 
(om/min 


5:2 


20:11 


layer 

Film B with 
adhesive 
layer 


About 20 
jim/ mi n 


About 1 
jjim/min 


5:2 


20:1 



25 



Each of the films A and B with an adhesive layer 
was sandwiched between a 20 ^-thick SUS 304 HTA foil 
(tradename; manufactured by Nippon Steel Chemrcal Co., 
Ltd.) and a 18 ^-thick (Rz . ^ 5 m) copper alloy fori C 
7025 (tradename; manufactured by Olin Corp.), followed 
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by vacuum pressing under conditions of pressure 20 kg/cm , 
270°C and 10 min to prepare two three-layer materials 
having a layer construction of SUS . insulating layer 
copper. The laminates thus obtained were designated as 
laminate A and a laminate B. 

[Evaluation of etching of insulating layer] 
Each of the laminates A and B with the SUS side 
being masked prepared in the above step was immersed in 
a ferric chloride solution to etch the copper foil. 
Thereafter, the laminates were dried, were cut into a 
suitable size, and were then immersed in an etching 
liquid TPE-3000 (tradename; manufactured by Toray 

TH v which had been stirred at 70°C 
Engineering Co., Ltd.) whicn naa 

c Hrrer to such an extent that a 
with a magnetic stirrer to 

f^r- m6 »H At the time when the polyimide 
whirlpool was formed. At the 

film was fully removed to expose the surface of , 
laminates were taken out of the etching liquid. Thus, 
the insulating layer was wet etched. 

Likewise, the insulating layer was subjected to 
plasma treatment under conditions of pressure 25 to 30 
Pa, process gas NF 3 /0 2 = 10/90%, and frequency 40 kHz to 
etch the insulating layer. 

Etching was continued until, when the laminate was 
visually inspected, the polyamide layer no longer 
existed on SUS. The thickness of the insulating layer 
was divided by the time necessary for the etching to 
determine the etching rate. The results are shown in 
Table D3 below. 



Table D3 



Laminate A 



Laminate B 



Etching rate, M-m/min 



wet etching 



12 



Plasma etching 
0.2 



0.2 



As is apparent from Table D3, the etching rate in 
the wet etching is larger than that in the plasma 
etching, and, in the wet etching, the insulating layer 
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can be etched in a very short time. 

Egali i alian a* "lat.e ma iling _„.. ri .ii 
[Patterning of conductive inorganic material) 
A 50 ^m-thicK basic aqueous solution a-elopment- 
tyP e dry fll* resist was laminated by a hot roll 
Talinator onto both sides of the laminated A prepare n 
the test in the evaluation of etchabilrty havrng a Size 
of 300 » x 300 «, that is, onto the stainless steel 
Iyer and onto the copper alloy foil layer at 3 , s pe e d o 

^itions of roll surface temperature 

0 5 m/min under conditions 01 x^xx 

; , and line pressure 2 to 4 Kg/cm, and the laminate 

1 then allowed' to stand at room temperature for 15 mn 
« that time, since the stainless steel layer and the 
"pper alloy foil layer were respectively provided on 

■ 111 sides of the laminate, and, after the lamination of 

' "he dry film resist, the laminate was flat and there was 
no wa Page. Thereafter, exposure was carried out 
predetermined mas. by means of a vacuum inflate contact 
exposure system at 100 ma/cm'. After standing at room 
exposux« y resist was 

0 temperature for 15 mm, the dr 

developed with a 1 wt% aqueous Ha,CO, 

conditions of temperature 30<C and spray pressure 

k g/cm> for 60 sec to form a resist pattern 

Thereafter, the stainless steel layer and the 

S copper foil layer were simultaneously etche « » 
— ferric chloride solution ^J^J^ 
was then separated with an 3 wt* aq 

_ - t !<•„ /cm 2 to pattern the 
of 50°C at a spray pressure of 1 kg/cm f A 

conductive inorganic material layer m the ^"Ler 

30 Thus, the laminate A, wherein the stainless steel layer 

n™, i aver have been patterned to 

and the copper alloy layer nave 

partially expose the insulating layer, was prepared. 
[Selection of dry film resist] 

The laminate A with the exposed insulating layer 

3 5 prepared in the above step was treated as follows The 

3 5 prepared m side was 

laminate A with a mask provided on the SOS si 

immersed in a ferric chloride solution to etch the 
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copper foil. The basic aqueous solution <^"«~£ 

Jy film resist was laminated by means of a heated roll 

laminator under conditions of speed 0.5 m/ml» "11 

surface temperature 105'C, and line pressure 2 to 4 kg/cm 

onto the exposed adhesive layer surface, and the 

laminate was then allowed to stand at room 

tor 15 min. Thereafter, a stripe mask having a line 

space pattern of 500 ,W500 urn and 80 Mm/80 urn was 

brought into intimate contact with the sample 

side of the laminate was exposed by means of a 

lig ht intimate contact exposure system manufactured by 

ORC at an exposure of 30 to 200 m, which is a 

re commended exposure range for the dry film. 

tbe sample was turned over, the same mask was brought 

into intimate contact with the other side of the 

into intmio^ ot-andina at room 

laminate, followed by exposure. After standing 

temperature for 15 min, the dry film 
developed with a 1 wt* aqueous Ha.CO, solution under 
conditions of temperature 30°C and spray pressure 2 
X' for 60 sec. Thereafter, the laminate was dried 
aid was then Versed in an etching liquid , TPE- 0 
(tradename; manufactured by Toray Engineering Co., ltd.) 
which had been stirred at 70°c with a magnetic , stirrer to 
such an extent that a whirlpool had been formed. For 

amPles which had been Versed for varied immersion 
times, the dry film resist was separated with a 3 wt* 
aqueous NaOH solution at 50°C at a spray ^ * 

k g/c'. m this way, the insulating layer was wet etched 
into a desired shape. SONFORT AQ-1558 (tradename . 
SUHFORT AQ-2058 (tradename,, SUHFORT AQ-2538 (tradename , 

, comport AO-4038 (tradename), 

SUHFORT AQ-3038 (tradename), SUHFORT AQ 

and SUHFORT AQ-5038 (tradename,, manufactured by Asahi 
Kasei Kogyo K.K.; HFE 538 (tradename, and NPE 342 
(tradename), manufactured by Hichigo-Morton Co. , ltd 
Id SFP-00G1-25-AR (tradename,, manufactured by Nippon 
Steel Chemical Co., ltd. were used as the dry film 
resist. in this case, for the development of SFP-00C1- 
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designated aqueous lactic acid 



2 5 -AR ( tradename ) , 
solution was used. 

For each sample, the dimension of the upper part of 
the stripe pattern was measured, and the point, at whrch 
the di-ensional change was rapid, was regarded, for 
convenience, as the dry film resist pattern separation 
or dissolution time, and the time length up to "^trrne 
was regarded as the pattern shape retention trme of 

dry film resist. 

For each sample, the pattern retention txme is 

shown in Table D4 below. 



20 



25 



Sample 



AQ-1558 



AQ-2058 



AQ-2538 



AQ-3038 



AQ-4038 



AQ-5038 



Thickness, \m 



15 



20 



25 



30 



40 



Pattern shape 
retention time 



1 min 



2 min 



5 min 

6 min 



50 



NPE 538 



NPE 342 



SFP00-GI-25AR 



38 



42 



25 



8 min 



10 min 



6 min 



8 min 



4 min 



fts is apparent from Table D4, SUHFORT A3-5038 
(tradename,, manufactured by Asahi Kasei Kogyo K.K and 
NPE 342 (tradename), manufactured by Nichigo-Morton Co., 
^d. had relatively excellent resistance to etchrng 
liquid. SONFORT AQ-2538 to SUNFORT AQ-5038 (tradename , 

, v. ».=„hi Kasei Kogyo K.K. were dry film 
manufactured by Asahi Kasei Kogy .„„-.,.„, in 

resists which were identical to one another rn 
composition and were different from one anothe, : onlj - n 
thickness wherein the thickness of the dry frlm resrst 
increased with increasing the sample number. As rs 
pparent from Table 04, the pattern retention trme 
increased with increasing the thickness, rndrcatrng that 
the resistance to etching liguid also improved wrth 
increasing the thickness. 

Pn ttp™ rt,i nfn"-»""» nt treatment 
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EH 

: : : 
13 



m 
u 



10 



15 



after patterns the dry film resist * 
post treatment was carried out to r»part further 
resistance of the dry film resist to etching liquid The 
iaminate X. from which the whole copper 
oeen removed in the above step, was used as ">eja»ple 
a „ d SUNFORT AQ-5038 (tradename,, manufactured by Asahi 
Kasei Ko 9 yo K.K. was used after patterns into a stripe 
oattern of L/S = 500 »un/500 urn and 80 Mm/80 M- ™e 
Valuation was carried out in the same manner as used in 
the selection of the dry film resist. 
rHeat treatment] 

L aluminum foil was placed on a hot plate heated 

i« a left to stand on the 

190°C and the sample A was J-eiT. 
Unum'foil to determine the pattern retention time, 
in this case, the time was change as shown in the 
following table. The relationship between the treatment 
time and the pattern shape retention is shown in Table 
D5 below. 



20 



25 



Treatment time 



pattern 
time 



shape retention 




rpost exposure treatment] 
Since the negative-worKing dry film resist was used 
after the development, the resist pattern should be 
father reinfcrced. To this end, post 
oarried out under the following conditions to determine 
the pattern retention time. The relationship between the 
exposure and the pattern shape retention rs shown in 
Table D6 below. 



30 



terms 



"of i- 1 Pattern 



shape 



retention 
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ray) 



time 



O 

si 

-a. 

■5" 

ru 



O 
□ 

ru 



10 



15 



20 



100 mJ 
300 mJ 
500 mJ 



10,5 min 

12 min 

13 min 



As is apparent from Tables D 5 and D6, heating 
provided better pattern reinforcement. The post ^ exposure 
Lever, was also effective, although the effect was 
inferior to that attained by the heat treatment. The 
e nforcement method may be properly select ed accord g 
to the electronic component required and ««f""-^ 
Further, in a combination of these methods, the 
contribution of the heat treatment effect was large, and 
2 effect attained by the post exposure was not 

^""^r^^y^ilM^ 
iT.mil fit i m i«Y er 
rDry film resist] 

The following basic aqueous solution development- 
basic aqueous solution separation-type negative-working 
basi.c aqu pr ovided: SUNFORT AQ-1558 

dry film resists were proviu 



25 



30 



( tradename ; 
( tradename ; 
( tradename ; 
(tradename; 
(tradename; 
(tradename; 



thickness 15 um) . SUNFORT AQ-2058 
thickness 20 um) , SUNFORT AQ-2538 
thickness 25 um) , SUNFORT AQ-3038 
thickness 30 Mm), SUNFORT AQ-4038 
thickness 40 um) , and SUNFORT AQ-5038 
(tradename; thickness 50 um) , manufactured by ^ 
Kasei Kogyo K.K. and ALPHO NPE 538 (tradename; thickness 
38 Mm; embossed) and ALPHO NPE 342 (tradename; thickness 
42 ^L; embossed), manufactured by Nichigo-Morton Co., 

Ltd * The dry film resist was laminated by flat pressing 

* ^ pressure and under the atmospheric 
(under reduced pressure a» 

pressure, and roll pressing (under reduced pressure and 
Ler the atmospheric pressure, according to the 
renewing methods onto the laminate A, and the 
prance of the laminate A after the lamination of the 
dry film resist was inspected. 



rFlat pressing] 

Le laminate A was sandwiched between dry f 

film - laminate - dry film and set on a hot plate 

m i^inator MVLP-500 manufactured 
75 °c by means of a vacuum lamxnator MVL ure 
by Meiki, Co., Ltd. Thereafter, after th P 

^ w^v- = reduced to 30 mmHg ( — . 4 Kpa * 
within the chamber was reduced Dres sinq was 

about 1/25 of the atmospheric pressure), pressing 
about Further, 
carried out at a pressure of 10 Pa for 
, he same procedure was repeated, except 
atmospheric "pressure was use, as the interna! pressure 

„ h ich had been laminated under the 

the inclusion of air hubbies was observed - «rrous 
places of the end portion in which the copper alloy fori 
or the stainless steel foil had been P«terned For 
pressing under reduced pressure, in the case of the dry 
firreslst having a surface on which fine concaves and 

nixes had been forced by embossing, the inclusion o 
air bubbles was not observed, whereas, « the case of 
Z dry film resist not subjected to e^ossrng the 
illusion of air bubbles was observed in various places 
of the end portion in which the copper alloy fori or the 
stainless steel foil had been patterned. However, all 
the samples were flat, and no warpage was observed. 
TRoll pressing] 

The lalinate A was sandwiched between the dry IxU 
resists, followed by lamination by means of a heated 
roil la^nator under conditions of speed 0.5 
aarface temperature 105°C. and line pressure d to 4 Kg/cm 
Thereafter, the laminates thus obtained were left t 
stand at room temperature for 15 mm. For all the 
aminated laminates, when they were ^t " S «nd on 
, fl at metal plate, both ends were ^ by about ^1 to^ 

ZJZ Z^r^Z^ had been laminated 



under reduced pressure, the inclusion of 

not observed, whereas, for the samples whrch had been 
tinted under the atmospheric pressure the inc us ro 
of air bubbles was observed in varr s - of ^ 
portion in which the copper alloy fori 
steel foil had been patterned. 

The samples were inspected for whether or not the 
patterned stainless steel foil (thicKness 20 N« the 

surface or y identical to or smaller 

thickness of the metal layer w . , 

than the thicKness of the dry film resrst the metal 
oartially broke through the dry film resxst and was 
loosed The results of evaluation are shown in Table 07 



exposed, 
below. 
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[Exposure and development] 

F or the laminate A, prepared in the above step, on 
which the dry film resist had been 1-inated a mask 
pattern was put thereon, followed by exposure to r ray 
at an exposure of 30 to 150 ma/cm'. Development was then 
carried out by spray development with 1 ^'^JIV 
Thus , an insulating layer processrng resrst 
formed so as to overlap with the staxnless «-l layer 
and the oopper alloy foil layer patterned on 

insulating layer. „_„,„ i„ 

If th e insulating layer processrng pattern rs 
formed only on the region with the insulating layer 
being left, that is. is formed so as not to overlap . the 
stainless steel layer and the copper alloy fori layer, 
the resist pattern would also be etched by wet etchrng^ 
in this case, a space is formed between the pattern and 
the stainless steel layer or the copper alloy layer, ana 
etching is carried out in that portron, possrbly 
fesultlng in etching in the insulating layer rn rts 
Portion not to be etched. In order . to prevent thrs 
^favorable phenomenon, the insulating layer processrng 
res ist pattern was formed so as to overlap «■«•«» 
patterned stainless steel layer or the 
layer on the insulating layer. In partrcular, when the 
Tine width of the stainless steel layer or the copper 
alloy layer is small, the formation of the rnsulatxng 
layer processing resist pattern on the conductive layer 
with a small line width is also advantageous rn thrs 

^""'m this case, the warped sample could not be 
brought into intimate contact with the mask at the trme 
Tf exposure and was forcibly brought into rntrmate 
contact with the masx by suction. As a result the 
alignment accuracy was inferior to other sample by 
about three to five times depending upon the warpage 
level . 

[Wet etching] 
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10 



Th e samples prepared by the above step was wet 

rrai'to^j, ^ r - 

,. t : nn - for wet etching, as preti-ea 
Regarding cond ™ ^ a 0 . 5% aque ous solution of 

the samples were immersed in a b Nissin 

^ -. mi e (tradename) manufactured oy 
Surfynol 104 E (t nonio nic surfactant for 

Chemical Industry Co Ltd as a spray -ty P e 
30 sec and were then placed in etching 

v i transfer-type etching apparatus. An 
horizontal transfer typ Engineering Co., 

c Rn°c For the samples, tne 

temperature was sou 70 to 90 sec although 

necessary for - * » ™ ^ ^ rate o£ 

, the time depends for example, ^ ^ ^ ^ 
the polyimide layei 

etchino temperature _ ^ ^ the 

in this case, r „ ist pattern was 

inclusion of air bubbles rn the resrs p 
0 served and the samples i< > whroh 

layer and the ^ o f ^ be achleve d in 
etching into . .desire. sh p ^ ^ £act 

5 high . etching occurs e upon sl.ht^ ^ ^ 
etching Irqurd There completely cov ered by 

the copper alloy £o11 y u likely to occur. 

^ *^TC^U of the sample for which 
30 etching ctld be successfully carried out i 
ri g. 2, and an electron mxcrophotograph of 
£o ! which etching failure occur - ^ ^ the 
fts is apparent from Frg- 3, the i 

polyimide in its portion ^ attacked . x„ 

35 pattern of the copper alloy fori has been 

r iq ! („,, when the thickness of the dry film r 
is 1 s than 1.1 times than the thrcKness of 
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conductive inorganic material layer 3 or 2, this faxlure 
occurs in the base of the conductive inorganic material 
layer 3 or 2 in its portion around the insulating layer 
1. 

[Post treatment of wet etching] 

For the sample in which SUNFORT AQ-5038 (tradename) 
manufactured by Asahi Kasei Kogyo K.K. was laminated 
onto the laminate A followed by wet etching of the 
insulating layer, the sample was taken out of the 
etching bath and was then rinsed by a method wherexn the 
sample was immersed in a vat filled with a rinse bath 
having the following composition for 30 sec and the vat 
was swung. When the rinse treatment is not carried out, 
the residue of the etched polyimide, etching liquid or 
the like is left on the surface and deteriorates the 
appearance. in this case, the liquid for separation in 
the step of separating the dry film resist as such may 
be used for rinsing to simultaneously carry out the step 
of rinsing and the step of dry film separation. 

in Table D8 below, "without rinsing" is such that 
the sample was allowed to stand after taking out the 
sample from the etching liquid. 
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Rinsing liquid 



Not rinsed 



H,0 



H,0 



H,0 



3 wt% aq. KOH 
so In. 



Liquid temp. 



25°C 



50°C 



75°C 



25°C 



revaluation result 



O 



O 



O 



O 



3 wt% aq. KOH 
soln. 



3 wt% aq. 
soln. 



KOH 



H 2 0 t NMP = 2 
H,0 : NMP = 2 



H,Q t NMP = 2 ; 1 



IPA : NMP = 2 



IPA : NMP = 2 



IPA 



NMP =2:1 



50°C 



7 5°C 



25°C 



50°C 



75°C 



25°C 



50°C 



75°C 



O 



O 



O 



O 



O 



_o 

O 



O 



* NMP = n-methyl-2-pyrrolidone, IPA = isopropanol 
O: residue absent, x: residue present 



[Separation] 

A high-temperature basic aqueous solution having a 
sodium hydroxide concentration of 3% by weight sprayed 
at 50°C against the dry film resist used in the 

10 patterning of the insulating layer to separate the dry 
film resist from the laminate. When the insulating layer 
was formed of a polyimide or the like having poor alkalx 
resistance, the use of an organic basic aqueous solutxon 
such as ethanolamine is preferred. 

15 [Pickling/rust preventive treatment /gold 

plating/solder printing] 

A gold plating as finishing was applied to the 
patterned copper alloy foil layer in the wireless 
suspension blank for HDD formed by the above method. The 
20 gold plating was carried out to a thickness of 1 m 
using a gold cyanide gold plating bath, Temperesxst EX 
(tradename) manufactured by Japan Pure Chemical Co., Ltd. 
under conditions of 65°C, current density Dk = 0.4 A/dm 5 , 



and energization time about 4 min. 

For the samples thus prepared, various properties 
were evaluated. As a result, for the samples in which 
there was warpage in such a state that the dry film 
resist was laminated, the alignment accuracy was poor, 
and, for the samples in which the inclusion of air 
bubbles was observed and the samples in which the 
patterned stainless steel foil or the copper alloy foil 
was exposed from the dry film resist, there was etching 
shape failure. The results are shown in Table D9 below. 
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According to the present invention, since the 
conductive inorganic material layer is patterned by wet 
etching followed by patterning of the xnsulatxng layer 
by „et etching, short-time etching xs possible as 
compared with dry etching, contributing to hxgher 
productivity. In particular, in ^ " 

suspensions for a hard disk drive, wherexn the area of 
the insulating layer to be removed by etchxng xs large 
and, at the same time, a fine pattern xs necessary, . 
Treat effect can be attained by the application of wet 
etching. Therefore, a production process can 
wherein the workability is better and the reject ratxo 

18 'further, high accuracy patterning is required of 
electronic components such as suspensions for a hard 

-f^t- * non-riqid substrate for 
disk drive. However, for a non rxgx 

preparing a suspension for a hard disk drxve or the Ixke, 
Z is difficult to coat the liguid resist to brxng the 
resist film to an even thickness with high accuracy, and 
very close control is necessary in the step of coatxng 
17 drying, and, thus, the non-rigid substrate was 
unsuitable for fine etching. since, however, « ^ the 
present invention, the insulating layer xs P*« e ™^ 
using a dry film resist, the use of a dry fxlm havxng an 
originally constant film thickness is advantageous xn 

the resist and the resist film is suxtable for fxne 

et ° hin i„ wet etching, when the electronic component of 
the present invention is produced using a dry fxlm 
resist having on its surface fine concaves and convey 
the fine concaves and convexes function as the place 
escape of air bubbles and, when the dry film resxs : x. 
laminated, the inclusion of air bubbles can be prevented, 
oltributxng to improved resistance of the lamxnate to 

""""in the production process of the electronic 
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component according to the present invention, the 
laminate of the dry film resist can be developed with a 
basic aqueous solution, and the separation of the dry 
film resist with the basic aqueous solution can be 
carried out. Therefore, the production equipment xs 
inexpensive, and the use of an organic solvent, which 
poses a problem of waste, can be avoided. 

in the production process of an electronxc 
component according to the present invention, when a dry 
film is laminated onto the laminate, in which the 
conductive inorganic material layer has been patterned, 
under reduced pressure by means of a vacuum press, even 
in the lamination for each sheet unit, the prevention of 
warpage after the lamination and the inclusion of axr 
bubbles can be realized. 

in the production process of an electronxc 
component according to the present invention, when the 
laminate of the dry film resist is exposed and developed 
to perform patterning followed by treatment selected 
from ultraviolet light irradiation treatment, heat 
treatment, and a combination of ultraviolet Ixght 
irradiation treatment with heat treatment, the 
resistance of the dry film resist to the etchant for the 
insulating layer can be improved. 

When the time necessary for wet etching for the 
insulating layer is 10 sec to 30 min, preferably 10 sec 
to 15 min, more preferably 10 sec to 5 min, even etchxng 
with a strongly basic aqueous solution does not cause 
the separation of the dry film resist during etchxng, 
and wet etching with high accuracy can be realized. 

When a dry film resist having a thickness which xs 
1 1 to 5 times that of the level of concaves and 
convexes on the surface of the laminate is used, there 
is no possibility that, after the lamination of the dry 
film resist, the convex of the laminate breaks the dry 
film resist and is exposed. As a result, a good etchxng 
pattern shape can be formed. 
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Exr* m r' le E 

[Etchable test] 

For the production of a sample for the formation of 
an insulating layer, PAA-A (tradename; polyamic acrd 
5 varnish manufactured by Mitsui Chemicals Inc.) and EN-20 
(tradename; polyimide varnish manufactured by New Japan 
Chemical Co., Ltd.) were provided as an adhesive resrn 
APIKAL NPI (tradename; polyimide film (thickness 12.5 
m) manufactured by Kanegafuchi Chemical Ind. Co., Ltd ) 
10 was provided as a low-expansion polyimrde to be 
functioned as a core. An alkal-amine polyimide etchxng 
liquid TPE-3000 (tradename) manufactured by Toray 
Engineering Co., Ltd. was provided as an etching liguxd 
h used in the etching test. 

0 15 ' Th e adhesive resin varnish EN-20 (tradename; 

1 "" manufactured by New Japan Chemical Co., Ltd.) was spxn 
™ coated to a film thickness of 20 to 40 m onto a 100 mn- 

thick SUS 304 plate having a size of 15 cm x 15 cm, and 
the coating was dried in an oven at 180°C for 30 min 
20 PAA-A (tradename; manufactured by Mitsui Chemxcals Inc.) 
is an amic acid varnish, and, after the solvent was 
removed in the step of drying at 120°C for 15 min, the 
amic acid varnish was thermally imidated by a 
predetermined procedure to form a polyimide. For APIKAL 
25 NPI (tradename; manufactured by Kanegafuchi Chemxcal Ind. 
Co , Ltd.), one side thereof was masked to prepare a 
sample. Each sample was taken off into a size of about 
1.5 cm in length x about 2 cm in width. The center 
portion was cut with a cutter knife, and the fxlm 
30 thickness was measured as an initial film thickness wxth 
a tracer type film thickness meter (Dektak manufactured 
by Sloan Technology). Thereafter, the samples were 
immersed in a polyimide etching liquid TPE-3000 
(tradename; manufactured by Toray Engineering, whxch had 
3 5 been kept at 7 0°C and had been stirred with a magnetic 
stirrer to such an extent that a whirlpool was formed, 
and the film thickness was measured with a tracer type 
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film thickness meter (Dektak manufactured by Sloan 
Technology, every Version time in the same place as 
that where the initial film thickness was measured. The 
£ilm thickness after immersion was subtracted from the 
initial film thickness, and the reduction level .of « 
film thickness per min was regarded as a reduction level 
of film thickness and to determine the etchrng rate 
(unit, .un/min) . The results are shown in Table El below. 



10 



15 



20 




25 



30 



r Evaluation of etchability ] 

1 „_ 20 (tradename; polyimide varnish manufactured by 

Hew Japan Chemical Co., Ltd.) was coated on both srdes 
of a 12.5 pm-thick polyimide film APIKAL NPI frlm 
Itradename, manufactured by Kanegafuchi Chemical Ind. 
Co Ltd.) to a film thickness of 1.5 »m ± 0.3 pm on a 
d ry' basis, and the coatings were dried in an oven at 
18 0°C for 30 min. The film thus obtained was designated 
as a film A with an adhesive layer. 

Likewise, PAA-A (tradename; manufactured by Mrtsur 
Chemicals inc., was coated on both sides of : . ,12.5 urn- 
thick APIKAL NPI film (tradename; manufactured by 
Kanegafuchi Chemical Ind. Co., Ltd.) to form a frlm 
which was designated as a film B with an adhesive layer 
fince PAA-A (tradename; polyimide varnish manufactured 
by „ew Japan Chemical Co.. Ltd., was an amrc acrd 
varnish, after the solvent was removed in the step 
drying at 120"C for 15 min, the amic acid varnish was 
t„ermally imidated by a predetermined procedure to form 
a polyimide. The etching rate ratio of the core layer 
and the adhesive layer is shown below. The etchrng rate 
ratio of the film A with an adhesive layer and the frlm 



B with an adhesive layer is shown in Table E2 below. 





Etching rate 


Thickness of low- 
exapnsion layer : 
total thickness of 
adhesive layer 


Etching 

rate 

ratio 




Low- expan- 
sion layer 


Adhesive 
layer 


Film A with 
adhesive layer 


About 20 
jxm/min 


About 11 
|xm/min 


5:2 


20:11 


Film B with 
adhesive layer 


About 20 
Mitt/ mi n 


About 1 
^im/min 


5:2 


20:1 



Each of the films A and B with an adhesive layer 
was sandwiched between a 20 ^m-thick SUS 304 HTA foil 
(tradename; manufactured by Nippon Steel Corp.) and a 18 
Mm-thick (Rz = 1-5 MB) copper alloy foil C 7025 
(tradename) manufactured by Olin Corp. so that the film 
faced the rough surface sides of the inorganic material, 
followed by vacuum pressing under conditions of pressure 
20 kg/cm 2 , 270°C and 10 min to prepare two three-layer 
materials having a layer construction of SUS s 
insulating layer : copper. The laminates thus obtained 
were designated as a laminate A and a laminate B. 
[Evaluation of etching of insulating layer] 
Each of the laminates A and B with the SUS side 
being masked prepared in the above step was immersed in 
a ferric chloride solution to etch the copper foil. 
Thereafter, the laminates were dried, were cut into a 
suitable size, and were then immersed in an etching 
liquid TPE-3000 (tradename) manufactured by Toray 
Engineering Co., Ltd. which had been stirred with a 
magnetic stirrer at 70°C to such an extent that a 
whirlpool was formed. At the time when the polyimide 
film was fully removed to expose the surface of SUS, the 
laminates were taken out of the etching liquid. Thus, 
the insulating layer was wet etched. 

Likewise, the insulating layer was subjected to 
plasma treatment under conditions of pressure 25 to 30 
Pa, process gas NF 3 /0 2 = 10/90%, and frequency 40 kHz to 



etch the insulating layer. 

Etching was continued until, when the laminate was 
visually inspected, the polyamide layer no longer 
existed on SUS. The thickness of the insulating layer 
was divided by the time necessary for the etching to 
determine the etching rate. The results are shown in 
Table E3 below. 



Table E3 




Etching 3 
Wet etching 

"~ 12 


cate, jjm/min 

Plasma etching 
0.2 


Laminate A 
Laminate B 


2 


0.2 



As is apparent from Table E3, the etching rate in 
the wet etching is larger than that in the plasma 
etching, and, in the wet etching, the insulating layer 
can be etched in a very short time. 

[Patterning of conductive inorganic material] 
A 50 Mm-thick aqueous alkali solution development- 
type dry film resist was laminated by a hot roll 
laminator onto both sides of the laminated A prepared in 
the test in the evaluation of etchability having a size 
of 300 mm x 300 mm, that is, onto the stainless steel 
layer and onto the copper alloy foil layer at a speed of 
0.5 m/min under conditions of roll surface temperature 
105-C and line pressure 2 to 4 kg/cm, and the laminate 
was then allowed to stand at room temperature for 15 mxn. 
At that time, since the stainless steel layer and the 
copper alloy foil layer were respectively provided on 
both sides of the laminate, and, after the lamination of 
the dry film resist, the laminate was flat and there was 
no warpage. Thereafter, exposure was carried out using a 
predetermined mask by means of a vacuum intimate contact 
exposure system at 100 mJ/cm 2 . After standing at room 
temperature for 15 min, the dry film resist was 
developed with a 1 wt% aqueous Na 2 C0 3 solution under 
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conditions of temperature 30°C, spray pressure 2 kg/cm>, 
and 60 sec to form a resist pattern. 

Thereafter, the stainless steel layer and the 
copper foil layer were simultaneously etched with an 
5 aqueous ferric chloride solution. The dry film resxst 
was then separated with an 3 wt% aqueous NaOH solutxon 
of 50°C at a spray pressure of 1 kg/cm 2 to pattern the 
conductive inorganic material layer in the lamxnate A. 
Thus, the laminate A, wherein the stainless steel layer 
10 and the copper alloy layer have been patterned to 
partially expose the insulating layer, was prepared. 
[Dry film resist] 

The following aqueous alkali solution development- 
Si aqueous alkali solution separation-type negative-workxng 

0 15 dry film resists were provided: SUNFORT AQ-1558 

1 ~ (tradename; thickness 15 p.) , SUNFORT AQ-2058 
5 (tradename; thickness 20 p.), SUNFORT AQ-258 

(tradename; thickness 25 p.), SUNFORT AQ-3038 
(tradename; thickness 30 pm) , SUNFORT AQ-4038 
20 (tradename; thickness 40 »») , and SUNFORT AQ-5038 
(tradename; thickness 50 pm) , manufactured by Asahx 
Kasei Kogyo K.K. and ALPHO NPE 538 (tradename; thxckness 
38 pin; embossed) and ALPHO NPE 342 (tradename; thickness 
42 pm; embossed), manufactured by Nichigo-Morton Co . , 
25 Ltd SFP-00G1-25-AR (tradename) manufactured by Nxppon 
Steel Chemical Co., Ltd. was provided as a lactic acrd 
development-lactic acid separation-type negative-workxng 

dry film resist. 

The dry film resist was laminated by flat pressxng 
3 0 (under reduced pressure and under the atmospherxc 
pressure) and roll pressing (under reduced pressure and 
under the atmospheric pressure) according to the 
following methods onto the laminate A, and the 
appearance of the laminate A after the lamination of the 
35 dry film resist was inspected. 
[Flat pressing] 

The laminate A was sandwiched between dry fxlm 
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resists (DPR), and they were stacked in the order of dry 
film - laminate - dry film and set on a hot plate set at 
75°C by means of a vacuum laminator MVLP-500 manufactured 
by Meiki, Co., Ltd. Thereafter, after the pressure 
within the chamber was reduced to 30 mmHg ( 4 Kpa: 
about 1/25 of the atmospheric pressure), pressing was 
carried out at a pressure of 1 kgf/cm* for 80 sec. 
Further, the same procedure was repeated, except that 
the atmospheric pressure was used as the internal 
pressure at the time of pressing. 

For these laminated laminates, in all the samples 
which had been laminated under the atmospheric pressure, 
the inclusion of air bubbles was observed in various 
places of the end portion in which the copper alloy foil 
or the stainless steel foil had been patterned. For 
pressing under reduced pressure, in the case of the dry 
film resist having a surface on which fine concaves and 
convexes had been formed by embossing, the inclusion of 
air bubbles was not observed, whereas, in the case of 
the dry film resist not subjected to embossing, the 
inclusion of air bubbles was observed in various places 
of the end portion in which the copper alloy foil or the 
stainless steel foil had been patterned. However, all 
the samples were flat, and no warpage was observed. 
[Roll pressing] 

The laminate A was sandwiched between the dry film 
resists, followed by lamination by means of a hot roll 
laminator under conditions of speed 0.5 m/min, roll 
surface temperature 105°C, and line pressure 2 to 4 kg/cm. 
Thereafter, the laminates thus obtained were left to 
stand at room temperature for 15 min. For all the 
laminated laminates, when they were left to stand on a 
flat metal plate, both ends were lifted by about 1.5 to 
2 mm, and the copper alloy foil was warped on the 
patterned side. For the samples which had been laminated 
under reduced pressure, the inclusion of air bubbles was 
not observed, whereas, for the samples which had been 
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laminated under the atmospheric pressure, the inclusion 
of air bubbles was observed in various places of the end 
portion in which the copper alloy foil or stainless 
steel foil had been patterned. 

The samples were inspected for whether or not the 
patterned stainless steel foil (thickness 20 ym) or 
copper alloy foil (thickness 18 jun) was exposed from the 
surface of the dry film resist. As a result, when the 
thickness of the metal layer was identical to or smaller 
than the thickness of the dry film resist, the metal 
partially breaks through the dry film resist and was 
exposed. The results of evaluation are shown in Table E4 



below, 
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As is apparent from the results, when the flat 
pressing is used, the dry film having on its surface 
concaves and convexes is effective in the inclusion of 
air bubbles. For roll pressing, when evacuation was 
adopted, the inclusion of air bubbles was not observed 
even in the case of a dry film having a flat surface. 
When the thickness of SUS was 20 pa and the thickness of 
the copper foil was 18 p.. the use of a dry film having 
a thickness of not less than 1.1 times the thxckness of 
the metal could realize good lamination without exposure 

of the metal. 

[Selection of dry film resist] 

The laminate A with the exposed insulating layer 
prepared in the above step was treated as follows. The 
laminate A with a mask provided on the SUS side was 
immersed in a ferric chloride solution to etch the 
copper foil. The aqueous alkali solution development- 
type dry film resist was laminated by means of a hot 
roll laminator under conditions of speed 0.5 m/mxn, roll 
surface temperature 105°C, and line pressure 2 to 4 kg/cm 
onto the exposed adhesive layer surface, and the 
laminate was then allowed to stand at room temperature 
for 15 min. Thereafter, a stripe mask having a lxne & 
space pattern of 500 Mm/500 pm and 80 pm/80 pm was 
brought into intimate contact with the sample, and one 
side of the laminate was exposed by means of a parallel 
light intimate contact exposure system manufactured by 
OCR at an exposure of 30 to 200 mJ which is a 
recommended exposure range for the dry film. Thereafter, 
the sample was turned over, the same mask was brought 
into intimate contact with the other side of the 
laminate, followed by exposure. After standing at room 
temperature for 15 min, the dry film resist was 
developed with a 1 wt% aqueous Na.CO, solution under 
conditions of temperature 30°C and spray pressure 2 
kg/cm 2 for 60 sec. Thereafter, the laminate was drred 
and was then immersed in an etching liquid TPE-3000 
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(tradename; manufactured by Toray Engineering Co., Ltd.) 
which had been stirred at 7 0°C with a magnetic stirrer to 
such an extent that a whirlpool had been formed. For the 
samples which had been immersed for varied immersion 
times, the dry film resist was separated with a 3 wt% 
aqueous NaOH solution of 50°C at a spray pressure of 1 
kg/cm 2 , in this way, the insulating layer was wet etched 
into a desired shape. SUNFORT AQ-1558 (tradename), 
SUNFORT AQ-2058 (tradename), SUNFORT AQ-2538 (tradename), 
SUNFORT AQ-3038 (tradename), SUNFORT AQ-4 038 (tradename), 
and SUNFORT AQ-5038 (tradename), manufactured by Asahr 
Kasei Kogyo K.K.; NPE 538 (tradename) and NPE 342 
(tradename), manufactured by Nichigo-Morton Co., Ltd.; 
and SFP-00G1-25-AR (tradename), manufactured by Nippon 
Steel Chemical Co., Ltd. were used as the dry film 
resist, in this case, for the development of SFP-00G1- 
25-AR (tradename), a designated aqueous lactic acid 

solution was used. 

For each sample, the dimension of the upper part of 
the stripe pattern of the sample after immersion in the 
etching liquid for a given period of time was measured, 
and the point, at which the dimension was changed by not 
less than 20% of the pattern dimension, was regarded, 
for convenience, as the dry film resist pattern 
separation or dissolution time, and the time length up 
to this time was regarded as the pattern shape retention 
time of the dry film resist. 

For each sample, the pattern retention time is 

shown in Table E5 below. 
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Tflhle E5 


Sample 
AQ-1558 


pattern shape retentxon time 
1 min 


AQ-2058 


s IUJ.I1 


AQ-2538 


5 min 


AQ-3038 


6 min 


AQ-4038 


8 min 


AQ-5038 


10 min 


NPE 538 


6 min 


NPE 342 


8 min 


SFP-00GI-25AR 


4 min 



25 



As is apparent from Table E5, SUNFORT AQ-5038 
(tradename), manufactured by Asahi Kasei Kogyo K.K. and 
NPE 342 (tradename), manufactured by Nichigo-Morton Co., 
Ltd. had relatively excellent resistance to etching 
liquid. SUNFORT AQ-2538 to SUNFORT AQ-5038 (tradename), 
manufactured by Asahi Kasei Kogyo K.K. were dry film 
resists which were identical to one another in 
composition and were different from one another only in 
thickness wherein the thickness of the dry film resist 
increased with increasing the sample number. As is 
apparent from Table E5, the pattern shape retention time 
increased with increasing the thickness, indicating that 
the resistance to etching liquid also improved with 
increasing the thickness. 

Pfl tt'*™ re inforcement treatment 

After patterning the dry film resist, the following 
post treatment was carried out to impart further 
resistance of the dry film resist to etching liquid. The 
laminate A, from which the whole copper alloy foil had 
been removed in the above step, was used as the sample, 
and SUNFORT AQ-5038 (tradename), manufactured by Asahi 
Kasei Kogyo K.K. was used after patterning into a stripe 
pattern of L/S = 500 nm/500 urn and 80 m- The 

evaluation was carried out in the same manner as used in 
the selection of the dry film resist. 
[Heat treatment] 
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An aluminum foil was placed on a hot plate heated 
at 120°C, and the sample A was left to stand on the 
aluminum foil to determine the pattern shape retentxon 
time, in this case, the time was changed as shown in the 
following table. The relationship between the treatment 
time and the pattern shape retention is shown in Table 
E6 below. 



Table E6 



Treatment time 



10 sec 
30 sec 



Pattern shape retention 



10.5 mm 
12 min 



10 



15 



20 



60 sec 



14 min 



300 sec 



Not less than 20 min 



[Post exposure treatment] 

Since the negative-working dry film resist was used, 
after the development, the resist pattern should be 
further reinforced. To this end, post exposure was 
carried out under the following conditions to determine 
the pattern shape retention. The relationship between 
the exposure and the pattern retention is shown in Table 
E7 below. 

Tahlft E7 



Exposure (in terms of i- 



ray) 



10 mJ 



50 mJ 



100 mJ 



pattern shape retention 



10.1 min 



10.3 min 



11 min 



25 



As is apparent from Tables E6 and E7, heating 
provided better pattern reinforcement. The post exposure, 
however, was also effective, although the effect was 
inferior to that attained by the heat treatment. The 
reinforcement method may be properly selected according 
to the electronic component required and the process. 
Further, in a combination of these methods, the 
contribution of the heat treatment effect was large, and 
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the effect attained by the post exposure was not 

significant . 

[Exposure and development] 

For the laminate A, on which the dry film resist 
had been laminated, prepared in the above step, a mask 
pattern was put thereon, followed by exposure to g-ray 
at an exposure of 30 to 150 mJ/cm>. Development was then 
carried out by spray development with 1 wt% Na 2 C0 3 at 30°C. 
Thus an insulating layer processing resist pattern was 
formed so as to overlap with the stainless steel layer 
and the copper alloy foil layer patterned on the 

insulating layer. 

If the insulating layer processing pattern xs 
formed only on the region with the insulating layer 
being left, that is, is formed so as not to overlap the 
stainless steel layer and the copper alloy fori layer, 
the resist pattern would also be etched by wet etching 
in this case, a space is formed between the pattern and 
the stainless steel layer or the copper alloy layer, and 
etching is carried out in that portion, possxbly 
resulting in etching in the insulating layer xn xts 
portion not to be etched. in order to prevent thxs 
unfavorable phenomenon, the insulating layer Proe.»x»g 
resist pattern was formed so as to overlap with the 
patterned stainless steel layer or the copper alloy 
layer on the insulating layer. in particular, when the 
line width of the stainless steel layer or the copper 
alloy layer is small, the formation of the insulatxng 
layer processing resist pattern on the conductive layer 
wi th a small line width is also advantageous in thxs 

po int . . , 

in this case, the warped sample could not be 

brought into intimate contact with the mask at the txme 

of exposure and was forcibly brought into intxmate 

contact with the mask by suction. As a result, the 

alignment accuracy was inferior to other samples by 

about three to five times depending upon the warpage 



level. 

[Wet etching] 

The samples prepared by the above step was wet 
etched under the following conditions, in this case, the 
treatment of the dry film resist for improving the 
resistance to etching liquid was not carried out. 
Regarding conditions for wet etching, as pretreatment, 
the samples were immersed in a 0.5% aqueous solution of 
Surfynol 104 E (tradename) manufactured by Nissxn 
Chemical Industry Co., Ltd. as a nonionic surfactant for 
3 0 sec and were then placed in a submerged spray-type 
horizontal transfer-type etching apparatus. An etchrng 
liquid TPE-3000 manufactured by Toray Engineering Co., 
Ltd. was used as the etching liquid, and the treatment 
temperature was 80°C. For the samples, the time 
necessary for etching was about 70 to 90 sec although 
the time depends, for example, upon the etching rate of 
the polyimide layer to the etching liquid and the 
etching temperature. 

in this case, for the samples in which the 
inclusion of air bubbles in the resist pattern was 
observed and the samples in which the stainless steel 
layer and the copper alloy foil layer had been exposed, 
etching into a desired shape could not be achieved xn 
many sites. This failure is attributable to the fact 
that, since, in wet etching, the etching rate is very 
high, etching occurs even upon slight touch with the 
etching liquid. Therefore, when the etching pattern of 
the copper alloy foil layer is not completely covered by 
the dry film resist, the failure is likely to occur. 

An electron microphotograph of the sample for which 
etching could be successfully carried out is shown in 
Fig. 2, and an electron microphotograph of the sample 
for which etching failure occurred is shown in Fig. 3. 
As is apparent from Fig. 3, the insulating layer of the 
polyimide in its portion around the base of the etching 
pattern of the copper alloy foil has been attacked. in 
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Fig. 1 <g), when the thickness of the dry film resist 5 
is less than 1.1 times than the thickness of the 
conductive inorganic material layer 3 or 2, this failure 
occurs in the base of the conductive inorganic materxal 
5 layer 3 or 2 in its portion around the insulating layer 
1 . 

[Separation] 

A high-temperature alkali solution having a sodium 
hydroxide concentration of 3% by weight sprayed at 50°C 
10 against the dry film resist used in the patternxng of 
the insulating layer to separate the dry film resxst 
from the laminate. When the insulating layer was formed 
of a polyimide or the like having poor alkali resistance, 

0 the use of an organic alkali, such as ethanolamine, xs 
H 15 preferred. 

J ~ For the samples thus prepared, various propertxes 

W were evaluated. As a result, for the samples in which 

1 there was warpage in such a state that the dry film 
T resist was laminated, the alignment accuracy was poor, 
5 20 and, for the samples in which the inclusion of axr 
t ' bubbles was observed and the samples in which the 
S patterned stainless steel foil or the copper alloy foxl 
° was exposed from the dry film resist, there was etchxng 

shape failure. The results are shown in Table E8 below. 
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hape 


Sample 


Thickness , 
urn 


Embossing 1 


pressing method 


Atm * 

€ 


tfter wet 
behind 








Flat pressing 


Atmospheric 
pressure 


X 
X 


AQ- 

1558 


15 


Not done 


Flat: pressiay 
Roll pressing 


Reduced pressure 

Atmospheric 

pressure 

Reduced pressure 


X 








Roll pressing 
Flat pressing 


Atmospheric 
pressure 


X 
X 


AQ- 
2058 


20 


Not done 


Flat Dressing 
Roll pressing 


Reduced pressure 

a +• m <~» ^ Y"i Vi e r i C 

pressure 

Reduced pressure 


X 

o 
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In the production process of an electronic 
component using a dry film resist according to 



present invention, in the case of i^ers.on xn an 
etching liquid kept at 70°C, since the retention time of 
rhe cry film resist pattern is not iess than 1 mxn when 
the tL necessary for wet etching of the insulatxng 
!ayer is 10 sec to 30 mxn, preferably 10 sec to 10 mm, 
„ore preferably 10 sec to 5 min, even etching wxth a 
strongly alkaline etching liguid does not cause the 
separation of the dry film resist during etchxng, and 
wet etching with high accuracy can be resided. 

in the production process of an electrons 
component using a dry film resist accordin g to the 
present invention, since the thickness of the dry fxlm 
resist is not less than 1.1 times that of the xnorganxc 
m aterxal layer as one layer in the laminate applxed 
.here is no possibility that, after the 
the dry film resist, the convex of the lamxnate breaks 
through the dry film resist and is exposed. As a result, 
a good etching pattern shape of the insulating layer can 
be formed . 

Since the dry film resist used in the present 
invention has on its surface fine concaves and 
when an electronic component is produced usxng the dry 
film resist, the fine concaves and convexes 
the place for escape of air bubbles and, when the dry 
film resist is laminated, the inclusion of arr bubbles 
can be prevented and the penetration of the etchxng 
liqu id can be prevented, contributing to xmproved 
resistance of the laminate to etching. 

Since the dry film resist used in the present 
invention could have realized wet etching of the 
insulating layer in the laminate, according to the 
production process of an electronic component usrng 
dry film resist accordin, to the present inventxon as 
compared with the conventional dry etching, 
etching can be realized and the productivxty xs better 
in particular, in products, such as suspensxons for 
hard disk drive, wherein the area of the insulatxng 
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layer to be removed by etching is large and, at the same 
time, a fine pattern is necessary, a great effect can be 
attained by the application of wet etching. Therefore, a 
production process can be realized wherein the 
workability is better and the reject ratio is lower. 

Further, high accuracy patterning is required of 
electronic components such as suspensions for a hard 
disk drive. However, for a non-rigid substrate for 
preparing a suspension for a hard disk drive or the like, 
it is difficult to coat the liquid resist to bring the 
resist film to an even thickness with high accuracy, and 
very close control is necessary in the step of coating 
and drying, and, thus, the non-rigid substrate is 
unsuitable for fine etching. Since, however, in the dry 
film resist according to the present invention, the 
insulating layer is patterned by wet etching, the use of 
a dry film having an originally constant film thickness 
is advantageous in that the process control is easy for 
the formation of the resist and the resist film is 
suitable for fine etching. 

in the dry film resist used in the present 
invention, the dry film resist laminated on the resist 
can be developed with an aqueous alkali solution, and 
the separation of the dry film resist with an aqueous 
alkali solution can be carried out. Therefore, the 
necessity of using of an organic solvent, which poses a 
problem of waste, can be eliminated. 



